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A Boltz body of revolution ( f inenessra t io  7.5:l) was tested i n  the 
SUMSBS. The e f f e c t s  of st ing interference on the drag coeff ic ient  of the 
model a t  zero angle of attack were noted a s  w e l l  a s  the e f f ec t s  on drag 
coeff ic ient  values of boundary layer t r i p s .  
were compared with other sources and seemed t o  show agreement. 
The drag coeff ic ient  values 
The pressure dis t r ibut ion over the rear  of the model with no s t ing 
interference was investigated including the use of boundary layer t r i p s .  
i 




LIST OF FIGURES, TABLES AND APPENDICES 
SYMBOLS AND ABBREVIATION 
1. 




6 .  
7. 
8. 




2 .1  Models 
2.2 S t i n g s  
2.3 O p t i c s  
2 .4  Manometers 
2 .5  Data a n a l y s i s  programs 
PRELIMINARY TESTING AND REDESIGN 
CALIBRATIONS 
4 .1  P r e s s u r e  c a l i b r a t i o n  
4.2 Force-cur ren t  ca l ibra t ion  
TESTING 
5.1 Drag i n v e s t i g a t i o n  
5.2 P r e s s u r e  i nves t iga t ion  
RESULTS AND DISCUSSION 
6.1 Comparison of s t i n g  free and s t i n g  based models 
6 . 2  Comparison of r e s u l t s  w i t h  o t h e r  s o u r c e s  
6 . 3  
6.4 Sources  of error 
C d  v a l u e s  















8.1 Improvements t o  t h e  system 












LIST OF FIGURES -__ 
1. 
2. 
3 .  
4 .  
5. 
6. 
7 .  
8 .  
9 .  








Design drawing of B o l t z  body of r e v o l u t i o n  
Design of rear of  B o l t z  body 
Design of rear of  Bo l t z  body for  u s e  wi th  t h e  s t i n g  
Design of rear of Bo l t z  body f o r  p r e s s u r e  d i s t r i b u t i o n  measurements 
Design of s t i n g  suppor t  s t r u t  
Changes needed t o  t h e  top of t h e  test  s e c t i o n  
Design of s t i n g  suppor t  sleeve, and  dummy s t i n g  
Design of p r e s s u r e  t a k e  o f f  s t i n g  
Design of perspex  window for t h e  bottom of t h e  t e s t  s e c t i o n  
Design of rod  mount and mirror mounts 
Dynamic p r e s s u r e  ca  i b r a t i o n  
Axial  f o r c e - c u r r e n t  c a l i b r a t i o n  
Drag c o e f f i c i e n t  vs Reynolds '  number 
comparison of d rag  c o e f f i c i e n t s  w i t h  o t h e r  s o u r c e s  
Var i a t ion  of Cp  a t  t h e  t w o  rearmost t a p p i n g s  wi th  Reynolds '  number 
5 v a r i a t i o n  of Cp with a x i a l  pos i t ion  a t  Reynolds '  number of 3.6.10 
5 Var i a t ion  of Cp with a x i a l  p o s i t i o n  a t  Reynolds '  number of 8.8.10 
1. Co-ord ina tes  of s u r f a c e  of  B o l t z  body of r e v o l u t i o n  
2 .  Measured v a l u e s  of C p  and Reynolds '  number a t  t h e  f o u r  s ta t ic  t a p p i n g s  
3 .  Example of o u t p u t  from program 4PROG1 
4 .  Example of o u t p u t  from program 4PROG2 
LIST OF APPENDICES 
. - - - - ~ 
1. C a l c u l a t i o n  of  p r e s s u r e  c o e f f i c i e n t s  
2 .  C a l c u l a t i o n  of base fo rce  a c t i n g  on t h e  dummy s t i n g  model 
3 .  L i s t i n g  of  4PROG1 FOR 
4 .  L i s t i n g  of  4PROG2 FOR 
5 .  L i s t i n g  of 4MSBS3 MAC 
6 .  L i s t i n g  of  4MSBS DAT 
7. Photographs of a p p a r a t u s  
i v  
~~ ~ 
LEST OF SYMBOLS 
C h a r a c t e r s  





















Abbrev ia t ions  - - -. . - - - - - . . 
MSUS 
S U M S  BS 
a r e a  
q u a d r a t i c  p r e s s u r e  d i s t r i b u t i o n  = a + b r  + cr  
q u a d r a t i c  p r e s s u r e  d i s t r i b u t i o n  = a + br + cr  
drag c o e f f i c i e n t  
p r e s s u r e  c o e f f i c i e n t  
q u a d r a t i c  p r e s s u r e  d i s t r i b u t i o n  = a + br + cr 
t o t a l  p r e s s u r e  
Mach number 
p r e s s u r e  as  f u n c t i o n  of base c a v i t y  r a d i u s  
p r e s s u r e  
dynamic p r e s s u r e  
maximum r a d i u s  i n  base c a v i t y  
Reynolds' number 
r a d i u s  
a x i a l  co -o rd ina te  




deno tes  'model' 
d e n o t e s  ' r e f e r e n c e '  
deno tes  ' r e f e r e n c e '  
deno tes  ' f r e e  stream va lue  ' 
Magnetic suspens ion  and  ba lance  system 






1. INTRODUCTION - -- -.-- 
The l a t e s t  development of t h e  Southampton U n i v e r s i t y  Magnetic Suspension 
and Balance System was t h e  complet ion of a new l o w  speed, oc tagona l  s e c t i o n ,  
wind tunne l  i n  1986. 
A NASA Techn ica l  Note, r e f .  1,  gave d rag  c o e f f i c i e n t  values for a Boltz 
body of r e v o l u t i o n  which appeared  to  be ve ry  l o w .  I t  w a s ,  t h e r e f o r e ,  decided 
t o  tes t  a s imilar  body i n  t h e  SUMSBS l o w  speed wind t u n n e l .  With the body 
suspended magne t i ca l ly  drag  data f o r  t h e  t r u e  model shape c o u l d  be obtained, 
but by b r i n g i n g  up a dummy s t i n g  t o  t h e  rear of t h e  model it was hoped t o  
s imula t e  s t i n g  i n t e r f e r e n c e  and check t h e  seemingly l o w  d rag  c o e f f i c i e n t s .  
An i n v e s t i g a t i o n  w a s  a l so  carried o u t  i n t o  t h e  p r e s s u r e  d i s t r i b u t i o n  
over t h e  rear of t h e  model. As t h e r e  was no  suppor t ing  s t i n g  t o  i n t e r f e r e  
w i . t h  t h e  flow around t h e  base of t h e  model t h e  r e s u l t i n g  p r e s s u r e  d i s t r i b u t i o n  
should  be more a c c u r a t e  than  would be o b t a i n e d  on a s t i n g  suppor t ed  model. 
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2. I N I T I A L  D E S I G N  ___ _. _- - 
Severa l  a r e a s  of des ign  had t o  be  cons ide red  f o r  t h i s  project. The m o d e l s  
and a s s o c i a t e d  s t i n g s ,  t h e  o p t i c a l  system, changes t o  t h e  tes t  s e c t i o n ,  and 
d a t a  a n a l y s i s  programs. 
2 . 1  Models __ 
The model used i n  t h i s  i n v e s t i g a t i o n  w a s  t h e  one made €or t h e  
honours p r o j e c t  conducted by R .  Knight ,  r e f .  2 .  A s e t  of body surface 
c o - o r d i n a t e s  i s  g iven  f o r  t h e  model i n  Table  1 ,  and it i s  shown i n  
Appendix 7. The model i s  comprised of t w o  pieces. The major p a r t  
be ing  t h e  hollow forebody ex tending  t o  79% chord,  i .e.  79% of t h e  
t o t a l  l e n g t h ,  t h e  complete model be ing  184.2mm long.  The rear body 
a c t s  a s  a p lug  a l lowing  access t o  t h e  magnets i n  t h e  model. The 
maximum c r o s s - s e c t i o n a l  .area, t h e  r e f e r e n c e  area, i s  0.00047 metres 
squa re .  
T h r e e  rear bodies were made, one t o  accept the dummy s t i n g ,  one 
t o  a l l o w  p r e s s u r e  p l o t t i n g  ove r  t h e  rear of t h e  model, and one " t r u e "  
shaped t o  a l l o w  t e s t i n g  of a s t i n g  f r e e  body. 
2.1.1 The rear body des igned  f o r  t h e  dummy s t i n g ,  F i g u r e  3 ,  w a s  des igned  
t o  have a c a v i t y  i n  it l a r g e  enough f o r  t h e  model t o  be  suspended wi thou t  
touching  t h e  dummy s t i n g .  NASA had t e s t e d  a s i m i l a r l y  shape s t i n g  suppor t ed  
model, r e f .  1.  T h e i r  model w a s  96 i n c h e s  i n  l e n g t h  on a 4 inch diameter 
s t i n g .  S c a l i n g  t h i s  down t o  t h e  l e n g t h  of t h e  model i n  t h i s  i n v e s t i g a t i o n  
of 7.67mm. The c a v i t y  i n  t h e  rear body was bored  o u t  t o  8mm d iame te r .  
I f  t e s t i n g  showed t h e  c l e a r a n c e  t o  be t o o  small t h e  base would be i n c r e a s e d  
u n t i l  s a t i s f a c t o r y .  The des ign  c a l l e d  f o r  t h e  hollow t o  be  6mm deep  wi th  
an end f a c e  p e r p e n d i c u l a r  t o  t h e  s i d e s ,  b u t  a workshop error r e s u l t e d  i n  
a "V" shaped end f a c e .  
2.1.2 The rear body des igned  t o  a l low p r e s s u r e  r e a d i n g s  t o  be t aken  over 
t h e  r e a r  of t h e  model i s  shown i n  F igu re  4 and i n  Appendix 7. The rear 
body w a s  made l i k e  a t r u e  rear body, b u t  a r a d i a l  s l o t  w a s  machined o u t  
a s  shown. The s l o t  was c u t  deep enough and wide enough to  allow a small 
diameter  hollow tube t o  run a long  t h e  l e n g t h  of t h e  rear body b u t  benea th  
thc s u r f a c e .  The s l o t  w a s  f i l l e d  i n  wi th  A r a l d i t e ,  ho ld ing  t h e  tube i n  
p o s i t i o n .  The A r a l d i t e  w a s  t h e n  smoothed down f l u s h  wi th  t h e  s u r f a c e s  
of t h e  model. 
c 
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2 . 1  . 3  T h e  t u b e  W(JS cliowri cis 20 c ~ ~ i u g c  a s  t h i s  w d s  thought  to  be t h e  
s m l l ~ ~ s t  diameter tkmt  w o u l d  be easy  t o  bend wi thou t  caus ing  collapse, 
and r easonab ly  easy  t o  d r i l l  i n t o .  The t u b e  would emerge on t h e  c e n t r e  
l ine  as  shown, a l lowing  a rubber tube  t o  be connec ted  t o  it, connect ing  
t h e  model t o  a manometer. 
2 .1 .4  Four h o l e s  were d r i l l e d  i n t o  t h e  tube  a t  t h e  p o s i t i o n s  shown i n  
F igu re  4 .  The holes were 0.3mm i n  diameter. Three of t h e  h o l e s  would 
be  sealed wi th  p l a s t i c ine  a t  any one t i m e  so t h a t  p r e s s u r e s  c o u l d  be 
measured a t  one chordwise s ta t ion .  The p l a s t i c i n e  was a l so  used  t o  
smooth i n  any i n d e n t a t i o n s  i n  t h e  Araldite.  
2.1.5 The models were made from Aluminium as it is  l i g h t ,  e a s y  t o  
machine and  is  magne t i ca l ly  stable. The magnet ic  core w a s  made up  
of samarium-cobalt  magnets a s  they  are magne t i ca l ly  stable and  would 
n o t  require c o n t i n u a l  re -magnet i sa t ion  a s  wi th  some other materials. 
C a r e  had t o  be taken  when handl ing  them a s  they  are ve ry  b r i t t l e .  
2 .2  S t i n g s  
..- . _ _ _  
Two s t i n g s  were necessa ry ,  one t o  r e p r e s e n t  a s u p p o r t  s t i n g ,  and 
t h e  o t h e r  t o  ac t  a s  a p r e s s u r e  t a k e  o f f  l i n e .  The major d e s i g n  cons ide ra -  
t i o n s  be ing  enough s t i f f n e s s  t o  reduce  v i b r a t i o n  a t  t h e  free end  of the 
s t i n g ,  as l i t t l e  blockage of  t h e  t u n n e l  as  poss'ible, ease of u s e ,  and 
case of f a b r i c a t i o n .  
2.2.1 'rkle s t i n g s  w e r e  designed to be supported on a strut w h i c h  i s  shown 
i n  F igu re  5 and is  v i s i b l e  i n  Appendix 7 .  Ra the r  t han  have t h e  support 
s t r u t  f i x e d  t o  t h e  i n s i d e  of t h e  t e s t  s e c t i o n  it w a s  des igned  t o  f i x  
t o  t h e  outside of t he  t e s t  s e c t i o n  caus ing  less  d i s r u p t i o n  t o  the a i r -  
f l o w .  
W i t h  t h e  suppor t  s t r u t  i n  p l a c e  t h e  t e s t  s e c t i o n  would be too l a r g e  t o  
f i t  through t h e  a x i a l  e l ec t romagne t s  so t h e  s t r u t  would have t o  be f i x e d  
i n  p l a c e  once t h e  t e s t  s e c t i o n  w a s  p o s i t i o n e d  i n  t h e  MSBS. The o n l y  par t  
of t h e  t e s t  s e c t i o n  t h a t  would t a k e  the suppor t  s t r u t  w i thou t  having to  
p a r t i a l l y  d i sman t l e  t h e  MSBS w a s  t h e  rear of t h e  tes t  sect ion t h a t  
p r o t r u d e s  from t h e  MSBS. T h i s  dictated t h e  l e n g t h  of t h e  s t i n g  as it 
w o u l d  have t o  r each  forwards  t o  where t h e  model was suspended. The a x i a l  
l e n g t h  of t h e  suppor t  s t r u t  was chosen as  80mm and t h e  wid th  as  1Omm i n  
order t o  p rov ide  a s table  suppor t  for t h e  s t i n g .  The h e i g h t  of t h e  s t r u t  
The s t r u t  would then  p a s s  through a s l o t  c u t  i n t o  t h e  test s e c t i o n .  
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. 
and t h e  shape of t h e  channel  t o  accept t h e  s t i n g  were chosen,  once t h e  
s t i n g  d iameter  had been decided on ,  so t h a t  t h e  s t i n g  cou ld  be positioned 
on t h e  c e n t r e  l i n e  of t h e  t e s t  s e c t i o n .  
2 . 2 . 2  To provide  good s t i f f n e s s  t h e  t w o  s t i n g s  were des igned  t o  f i t  i n t o  
a common suppor t  s l e e v e  which would be a t t a c h e d  to  t h e  s t r u t .  The sleeve 
would reach forwards  a c t i n g  a s  a n  o u t e r  c a s i n g ,  t h e  r e q u i r e d  s t i n g  c o u l d  
then  be i n s e r t e d  i n t o  t h e  end  of t h e  suppor t  sleeve and clamped i n  posit ion.  
The i n n e r  d iameter  of t h e  s l e e v e  was determined by t h e  o u t e r  diameter of 
t h e  ' suppor t '  s t i n g  a t  '/l6 i nch .  
chosen as  13mm t o  g i v e  a r easonab le  w a l l  t h i c k n e s s .  The sleeve des ign  
is  shown i n  F igure  7 and i n  Appendix 7.  
The o u t e r  diameter of t h e  sleeve w a s  
2 . 2 . 3  The des ign  of t h e  ' s u p p o r t '  s t i n g  i s  shown i n  F igu re  7 and  Appendix 
7. The r e q u i r e d  d i ame te r  of t h e  s t i n g  w a s  7.67mm. Brass rod was available 
of diameter /16 inch .  T h i s  set t h e  i n n e r  diameter of t h e  suppor t  sleeve. 
A s  F igure  7 shows t h e  ' s u p p o r t '  s t i n g  w a s  des igned  wi th  a separate end  
piece. This had three pressure tappings d r i l l e d  in to  it, each connected 
t o  a 20 gauge tube .  T h i s  would allow model base p r e s s u r e s  t o  be measured. 
Once t h e  t u b e s  had been s o l d e r e d  to  t h e  end piece the  end  piece w a s  f i x e d  
t o  t h e  s t i n g .  The f i r s t  65mm of t h e  s t i n g  w a s  t hen  t u r n e d  down t o  0.3 inch  
or 7.62mm. The t u b e s  were long  enough to  p r o t r u d e  from t h e  open end of 
t h e  s t i n g ,  a l lowing  rubber  pipes t o  be connec ted ,  and t h e  p r e s s u r e s  t aken  
o f f  t o  a manometer. The l e n g t h  of t h e  s t i n g  w a s  set a t  220mm. T h i s  w a s  
t o  allow a l a r g e  range of movement of  t h e  f r o n t  of  t h e  s t i n g  for changing 
t h e  a x i a l  p o s i t i o n  of t h e  model / s t ing  combinat ion.  
5 
2.2.4 The des ign  of t h e  p r e s s u r e  t a k e  off s t i n g  i s  shown i n  F igu re  8 
and Appendix 7. I t  w a s  des igned  wi th  a s h o r t  l e n g t h  of 20 gauge tub ing ,  
t o  t a k e  t h e  rubber  p i p e  connec ted  t o  t h e  model, soldered i n t o  a larger 
tube t o  p rov ide  s t i f f n e s s .  A short  l e n g t h  of tub ing  w a s  soldered into 
t h e  other end t o  enab le  a rubbe r  pipe to  t a k e  t h e  p r e s s u r e  off t o  a 
manometer. The l a r g e r  tube r a n  through,  and  was f i x e d  t o ,  a brass rod 
o f  /16 inch  diameter. The whole u n i t  would then  f i t  i n t o  the suppor t  
s l eeve  and be clamped i n  place. 
5 
2.3 O p t i c s  - - ~  
The s t a n d a r d  s e t  up f o r  t h e  a x i a l  p o s i t i o n  sens ing  system w a s  t o  
have a laser beam fanned o u t  a x i a l l y ,  i l l u m i n a t i n g  a long  t h i n  detector. 
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The rear of  t h e  suspended model would then  be i n  par t  of t h e  laser 
beam c a s t i n g  a shadow on a p o r t i o n  of t h e  detector. T h i s  system would 
n o t  work i n  t h i s  i n v e s t i g a t i o n  as t h e  ' s u p p o r t '  s t i n g  or g r e s s u r e  t a k e  
off p i p e  would be  i n  t h e  way of t h e  fanned  o u t  l aser .  
The t w o  major a l t e r n a t i v e s  were t o  have a s imi l a r  system b u t  u s i n g  
the f r o n t  of  t h e  model, or a system wi th  t h e  laser fann ing  o u t  across 
t h e  t e s t  s e c t i o n .  
The former would pose problems when t r y i n g  t o  launch  and  retrieve 
t h e  model. I t  w a s ,  t h e r e f o r e ,  decided t o  c o n c e n t r a t e  on t h e  l a t te r  
method . 
2 .3 .1  T h e r e  was only  a small window i n  t h e  bottom of t h e  tes t  s e c t i o n ,  
so t h i s  w a s  t aken  o u t  and  replaced by a pe r spex  window of  t h e  same l e n g t h ,  
b u t  g r e a t e r  wid th ,  enough t o  span t h e  f l a t  i n n e r  s u r f a c e  of t h e  bottom 
of t h e  t e s t  s e c t i o n .  Its dimensions can be found i n  F igu re  9.  
2 . 3 . 2  I t  w a s  wanted t o  i l l u m i n a t e  t h e  e n t i r e  width of t h e  bottom s u r f a c e  
of t h e  t e s t  s e c t i o n  wi th  t h e  laser beam. The beam fann ing  g l a s s  rod 
could have been s i t u a t e d  i n  several p l a c e s  b u t  a p o s i t i o n  j u s t  before 
t h e  f irst  mirror was chosen as t h i s  would p r o v i d e  t h e  m o s t  r i g i d  mounting 
p o i n t  and would be e a s i e r  t o  a l i g n  wi th  t h e  laser .  The laser beam used ,  
a 1mW helium-neon laser ,  provides a beam wi th  a Gaussian i n t e n s i t y  
d i s t r i b u t i o n .  When t h e  beam i s  fanned  o u t  t h e  beam is less i n t e n s e  a t  
its edges than  nea r  i t s  c e n t r e .  A l s o  s o m e  intensity will be lost at t he  
edges d u e  t o  g r e a t e r  r e f l e c t i o n  losses from t h e  t w o  perspex windows. To 
i n c r e a s e  t h e  i n t e n s i t y  a t  t h e  edges and  make the  beam more uni form 
t h e  beam w a s  ove r  expanded and  o n l y  t h e  c e n t r a l  p o r t i o n  directed down 
through t h e  t e s t  s e c t i o n .  By looking  a t  t h e  a c t i o n  of several diameters 
of g l a s s  rod a g l a s s  rod wi th  a diameter of 3mm w a s  chosen t o  f a n  o u t  
t h e  l a s e r  beam. 
2 . 3 . 3  The laser beam would t r a v e l  from t h e  laser through t h e  g l a s s  rod 
and then  on t o  a mirror changing t h e  beam d i r e c t i o n  so t h a t  it would run  
between t h e  top of t h e  t e s t  section and  t h e  upper  e l ec t romagne t s .  It  
w o u l d  t hen  reach a n o t h e r  mirror which would change t h e  beam d i r e c t i o n  
so t h a t  it passed through t h e  tes t  s e c t i o n  o n t o  t h e  detector. 
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TWO f r o n t  r e f l e c t i n g  mirrors, 25mm x 16mm, were a v a i l a b l e  and  w e r e  
chosen.  They were mounted on p l a s t i c  c a r d  and  t h e  c a r d  was then  s t u c k  
o n t o  t h e  mirror mounts as  shown i n  F igu re  10. The card allowed t h e  mirrors 
t o  be removed from t h e  mounts w i thou t  damaging t h e  mirrors. 
The mirror mounts were des igned  t o  f i t  on t h e  e x i s t i n g  rod and r a i l  
system wi th in  t h e  MSBS. The rods can be moved back and f o r t h  above t h e  
t es t  s e c t i o n ,  a l lowing  t h e  laser beam t o  be r e f l e c t e d  down through a 
d i f f e r e n t  s e c t i o n  of t h e  tes t  section. 
2.3.4 The beam fanning  g l a s s  rod w a s  mounted on t h e  rod mount shown i n  
F igu re  10. The mount was then  a t t a c h e d  t o  t h e  e x i s t i n g  r a i l s  i n  t h e  
MSBS . 
2.3.5 
t o  mount it t r a n s v e r s e l y .  See S e c t i o n  3 for  changes t h a t  e v e n t u a l l y  had  
t o  be made. 
I n i t i a l l y  t h e  e x i s t i n g  detector was used, t h e  o n l y  change made be ing  
2 . 4  Manometers 
When running  t h e  t u n n e l  t w o  p r e s s u r e s  must a lways be known. Atmospheric 
p r e s s u r e  and t h e  r e f e r e n c e  dynamic p r e s s u r e  i n  t h e  t u n n e l .  Atmospheric 
p r e s s u r e  was measured on a s t a n d a r d  mercury barometer. I n  tests wi th  t h e  
dummy s t i n g  t h e  t h r e e  base  p r e s s u r e s  must a l so  be measured. T h i s  means 
f o u r  p r e s s u r e s  have t o  be measured. The t u n n e l  was known t o  operate wi th  
a maximum dynamic p r e s s u r e  of  3kPa. Using methyla ted  s p i r i t  w i th  a specific 
g r a v i t y  of 0.83 3kPa i s  r e p r e s e n t e d  by a head of 0.37 metres. The r e s u l t i n g  
manometer h e i g h t  chosen w a s  0.8 metres which allowed t h e  manometers t o  be 
used  a t  h ighe r  p r e s s u r e s  should  t h i s  be p o s s i b l e  i n  t h e  f u t u r e .  The 
manometers were made by t h e  Chemistry Depar tment ' s  g l a s s  blowing service, 
with a bore  of 6mm. 
2.4.1 F ive  such t u b e s  were mounted on a boa rd  wi th  a metric graph  paper 
s c a l e  between t h e  t u b e s  and t h e  board .  The board  was then  mounted on t h e  
i n l e t  t o  t h e  t u n n e l .  A s  t h e  t u b e s  are  f a i r l y  f r a g i l e  t h e  board w a s  a r r anged  
so t h a t  it cou ld  be removed e a s i l y  f o r  s a f e r  s t o r a g e .  The f i f t h  tube  
al lowed f o r  any f u t u r e  need t o  measure f i v e  p r e s s u r e s .  
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2.5 Data Ana lys i s  Programs 
2.5.1 Data S t o r a g e  
When running  t h e  MSBS t h e  u s e r  can store c u r r e n t  and  p o s i t i o n  data 
f o r  f u t u r e  a n a l y s i s .  The MSBS r u n s  a t  400 Hz, t h e  amount of  i n fo rma t ion  
storeable i s  set by an  a r r a y  i n  4MSBS3 FOR i n  t h i s  case 750 c y c l e s ,  or 
1 /8 of a second worth of data. Looking a t  t h e  c u r r e n t s  data over a 
second it cou ld  be seen  t h a t  t h e  c u r r e n t s  v a r i e d  cons ide rab ly .  J u s t  
t a k i n g  a small p o r t i o n  of data would n o t  r e l i a b l y  represent the c u r r e n t s  
i n  t h e  e l ec t romagne t s .  Data was, t h e r e f o r e ,  t aken  over one second a t  
set  i n t e r v a l s ,  50 c y c l e s  t o t a l  be ing  read. T h i s  w a s  a r r a n g e d  by u s i n g  
t h e  data f i l e  4MSBS DAT see Appendix 6 .  When t h e  MSBS w a s  running  t y p i n g  
lg  caused  50 c y c l e s  t o  be stored, t h e  data be ing  t aken  over a one second 
p e r i o d .  Typing 29 cou ld  cause  100 c y c l e s  t o  be stored, t h e  first f i f t y  
then  a seconds  break and then  t h e  n e x t  f i f t y .  
7 
2.5.2 On s topp ing  t h e  c o n t r o l l i n g  program t h e  data t aken  c o u l d  be saved 
i n t o  a f i l e  of t h e  u s e r ' s  cho ice  for l a t e r  a n a l y s i s .  
2.5.3 Program 1 
An e x i s t i n g  F o r t r a n  I V  program was adap ted , the  new version 4 PROG 1 
FOR be ing  i n  Appendix 3.  On running it would a sk  f o r  t h e  f i l e  name of t h e  
f i l e  i n  which the  c u r r e n t  d a t a  w a s  stored, a long  wi th  t h e  room tempera tu re  
and p r e s s u r e  i n  C e l s i u s  and  kPa r e s p e c t i v e l y .  I t  then  a s k s  t h e  u s e r  how 
many b locks  of data are t o  be read from t h e  d a t a  f i l e  and  whether  the 
o u t p u t  i s  t o  t h e  s c r e e n ( 5 )  or  t h e  p r i n t e r ( 6 ) .  
t y p i n g  lq  r e s u l t s  i n  50 cycles w o r t h  of data be ing  stored. The data is 
read ove r  a second a s  f i v e  b l o c k s  of t e n  c y c l e s .  Hence t o  read i n  l g  
worth of c u r r e n t  d a t a  t h e  u s e r  must  a sk  for f ive  b l o c k s  to  be read i n ,  
t e n  b l o c k s  for  29, e t c .  
When running  t h e  MSBS 
2.5.4 The program reads i n  t h e  r e q u i r e d  number of b l o c k s  and  c a l c u l a t e s  
t h e  average  of t h e  sum of  t h e  a x i a l  c u r r e n t s  of each c y c l e ,  and also the 
s t a n d a r d  d e v i a t i o n  from t h a t  average .  Using Chauvenet ' s  c r i t e r i o n  for 
error r e j e c t i o n  any 'bad' c y c l e s  are rejected t h e  new ave rage  c u r r e n t s  
and p o s i t i o n s  be ing  c a l c u l a t e d .  
2.5.5 The program then  asks for  t h e  d a t e  when t h e  data w a s  t aken .  The 
date t o  be i n p u t t e d  i n  a coded form. If  t h e  wind was off and t h e  data 
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i s  t,he f i r s t  se t  thcn  the format  is  "START d a t e " .  I f  t h e  wind was o f f  
and t h e  d a t a  is  t h e  last se t  then  t h e  format is "STOP da te" .  I f  one of 
t h e s e  is used the progrm a s k s  i f  t h e  u s e r  wishes  t o  con t inue .  I f  t h e  
d a t a  i s  n o t  t h e  f i r s t  or l a s t  se t  then  a d i f f e r e n t  format must  be used .  
I f  t h e  dummy s t i n g  was p r e s e n t  when t h e  data w a s  t aken  t h e  format i s  
"YS d a t e " ,  t h e  program then  goes  on t o  a sk  f o r  t h e  t h r e e  base p r e s s u r e s  
and t h e  r e f e r e n c e  dynamic p r e s s u r e  i n  kPa, and then  on t o  a s k  i f  t h e  u se r  
wishes t o  con t inue .  I f  t h e  dummy s t i n g  w a s  n o t  present t h e  format i s  "NO 
d a t e " ,  t h e  program then  a s k s  o n l y  for t h e  r e f e r e n c e  dynamic pressure, and 
then  on t o  a sk  i f  t h e  u s e r  wishes  t o  c a r r y  on and  a n a l y s e  t h e  n e x t  b l o c k ( s )  . 
2.5.6 Once a l l  the data h a s  been read i n  t h e  averaged  c u r r e n t  data for  
each b lock  a long  with average  p o s i t i o n  data, p r e s s u r e s  and temperature, 
and t h e  d a t e  are saved i n  t h e  f i l e  4PROG1 STO which i s  used  i n  t h e  n e x t  
program. The data c a n  a l so  be added t o  a master f i l e  4CURR DAT wi th  the 
averaged  c u r r e n t s  of  a l l  t h e  r u n s  t o  date stored i n  it. 
2 .5 .7  The d a t a  i s  saved wi th  t h e  "START date" and  "STOP date" be ing  
saved f i r s t .  T h i s  means t h a t  when t h e  f i l e  i s  read i n  t h e  next  program 
t h e  c u r r e n t  o f f s e t s  can  be changed before t h e  wind on c u r r e n t s  are read 
i n .  
2 . 5 . 8  Program 2 
A l i s t i n g  of  4PROG2 FOR can be found i n  Appendix 4 .  A f t e r  running  
4PROG1 FOR t h i s  program i s  run .  I t  reads i n  t h e  c o n t e n t s  of 4PROG1 STO 
one l i n e  a t  a t i m e .  I f  t h e  data is  a "START date" or "STOP date" then 
t h e  r e s p e c t i v e  c u r r e n t  o f f s e t  is reset  and t h e n  n e x t  l i n e  i s  read i n .  
I f  t h e  d a t e  i s  n o t  a "START d a t e "  or "STOP d a t e "  t h e  program goes  on t o  
c o n v e r t  t h e  a x i a l  c u r r e n t s  t o  a n  a x i a l  f o r c e  u s i n g  a f a c t o r  obtained from 
t h e  c u r r e n t  f o r c e  c a l i b r a t i o n  of s e c t i o n  4.2.  The t es t  section dynamic 
p r e s s u r e  i s  then  c a l c u l a t e d  by m u l t i p l y i n g  t h e  reference dynamic p r e s s u r e  
by a va lue  o b t a i n e d  from t h e  p r e s s u r e  c a l i b r a t i o n  i n  section 4.1. 
d e n s i t y  of  t h e  a i r  and i t s  k inemat ic  v i s c o s i t y  are  t h e n  c a l c u l a t e d .  I t  
w a s  assumed t h a t  t h e  r e l a t ive  k inemat ic  v i s c o s i t y  follows t h e  re la t ive 
a b s o l u t e  tempera ture  t o  t h e  power 0 .E. 
The 
2.5.9 I f  t h e  date s i g n i f i e s  t h a t  t h e  s t i n g  w a s  n o t  p r e s e n t  t h e  base 
f o r c e  i s  set t o  z e r o ,  o the rwise  t h e  b a s e f o r c e  i s  c a l c u l a t e d .  Knowing t h e  
t h r e e  measured base p r e s s u r e s  and  t h e  r a d i i  a t  which t h e y  were measured 
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I 
? t h e  program assumes t h a t  t h e  p r e s s u r e  varies as a q u a d r a t i c  f u n c t i o n  of  
r a d i u s .  C a l c u l a t i n g  t h i s  f u n c t i o n ,  see Appendix 2, t h e  p r e s s u r e s  a c t i n g  
on t h e  base area are i n t e g r a t e d  up to  g i v e  t h e  a c t i n g  baseforce. 
2.5.10 
i n  t h e  same d i r e c t i o n .  The sum of  t h e  t w o  is  e q u a l  t o  t h e  d rag  force 
on t h e  model. Knowing t h e  drag f o r c e ,  t h e  dynamic p r e s s u r e ,  and  t h e  
r e f e r e n c e  area, 0.47.10-3mt2 t h e  maximum cross s e c t i o n a l  area, the d r a g  
c o e f f i c i e n t  is  c a l c u l a t e d .  The test s e c t i o n  f r e e  stream v e l o c i t y ,  Mach 
number, and Reynolds' number, based on t h e  l e n g t h  of t h e  model, are t h e n  
c a l c u l a t e d .  
The base f o r c e  and t h e  force provided  by t h e  a x i a l  magnets act  
2.5.11 The d r a g  c o e f f i c i e n t ,  Reynolds' number, f r e e  stream v e l o c i t y ,  f r e e  
stream Mach number, f r e e  stream dynamic p r e s s u r e ,  total  a x i a l  f o r c e  ( equa l  
t o  t h e  t o t a l  d rag  f o r c e  a c t i n g  on t h e  model ) ,  t h e  baseforce, and  t h e  date 
are then  w r i t t e n  t o  t h e  o u t p u t  f i l e  4PROG2 STO. 
2.5.12 The program then  r e t u r n s  to  read i n  t h e  n e x t  l i n e  of data from 
4PROGl STO. I f  t h e  l i n e  r e a d  i n  is  t h e  "END FILE" l i n e  t h e  program a s k s  
i f  t h e  u s e r  wants t h e  data (Cd etc.) t o  be w r i t t e n  t o  t h e  master f i l e  
4CDRAG DAT. The program then s a v e s  t h e  necessa ry  f i l e s  and  t h e n  stops. 
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3.  PRELIMINARY TESTING AND REDESIGN 
t 
3.1 
mounted t r a n s v e r s e l y .  A red 'Cokin'  f i t t e r  w a s  used  t o  c u t  o u t  a s  much 
ambient l i g h t  as  possible and a lso t o  protect t h e  detector. 
A s  stated i n  S e c t i o n  2.3.5 t h e  a x i a l  p o s i t i o n  detectr  w a s  i n i t i a l l y  
3.1.1 The model w a s  suspended i n  t h e  MSBS. I t  was found t h a t  t h e  model 
osc i l la ted  a x i a l l y  a b o u t  +- 5mm from a n  i n i t i a l  p o s i t i o n .  With the p a r t i c u l a r  
shape of t h e  rear of t h e  body be ing  tested, i.e. a l o w  c u r v a t u r e  u n t i l  
nea r  t h e  end of t h e  model, a n  a x i a l  movement o n l y  produces  a small change 
i n  t h e  shadow s i z e  and hence change i n  t h e  o u t p u t  of t h e  detector. With 
the  model o u t  of t h e  MSBS t h e  o u t p u t  of t h e  detector f l u c t u a t e d ,  due t o  
v a r i a t i o n s  i n  t h e  i n t e n s i t y  of t h e  laser beam w i t h  t i m e .  T h i s  c o u l d  be 
regarded  a s  n o i s e ,  and  any change i n  o u t p u t  due t o  the  model moving as 
t h e  s i g n a l  wanted. 
t h e  s i g n a l  t o  n o i s e  r a t io .  
The a x i a l  o s c i l l a t i o n  would be reduced by i n c r e a s i n g  
3.1.2 T h i s  w a s  i n i t i a l l y  performed by b l ank ing  off par ts  of the detector 
which p r e v i o u s l y  would have a lways  been i l l u m i n a t e d  r e g a r d l e s s  of t h e  
model's a x i a l  p o s i t i o n .  The o s c i l l a t i o n  w a s  g r e a t l y  reduced,  b u t  a t  t i m e s  
when t h e  laser  w a s  f l u c t u a t i n g  b a d l y  w a s  s t i l l  too h igh .  
3 .1 .3  S e v e r a l  o p t i o n s  were open; u s e  a more c o n s i s t e n t  laser, postion 
t h e  laser a t  t h e  f r o n t  of  t h e  model wi th  a n  a x i a l l y  fanned  laser beam, 
use  a d i g i t a l  s e n s o r  which would n o t  i n t e r p r e t  t h e  s l i g h t  changes i n  
i n t e n s i t y  a s  a p o s i t i o n  change, or  u s e  a n o t h e r  detector to  provide a 
r e f e r e n c e  s i g n a l  i n d i c a t i n g  any changes  i n  t h e  i n t e n s i t y  of t h e  laser 
beam. 
3.1.4 The f irst  o p t i o n  was n o t  possible. The second w a s  discarded for  
t h e  r easons  g iven  i n  S e c t i o n  2 . 3 .  The third would pose a problem as the 
e x i s t i n g  d i g i t a l  s e n s o r s  are o n l y  a b o u t  one i n c h  i n  l e n g t h  and  would 
have e i t h e r  r e q u i r e d  a collimated laser  beam, or would have o n l y  been 
able t o  p i c k  up t h e  laser / shadow boundary on one side of t h e  model i f  
t h e  beam w a s  d ive rg ing  as  it had been set up t o  do. Only p i c k i n g  up t h e  
one boundary would pose problems a s  any yaw of t h e  model would be i n t e r -  
prted as  a l a r g e  a x i a l  p o s i t i o n  change, i f  t w o  boundar i e s  were used  this 
e f f e c t  would n e a r l y  c a n c e l  out. The f o u r t h  o p t i o n  of u s i n g  a r e f e r e n c e  
senso r  appeared  t o  be t h e  most l i k e l y  s o l u t i o n  g iven  t h e  t i m e  available. 
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3.1.5 
a s  t h e  main d e t e c t o r .  The r e f e r e n c e  d e t e c t o r  w a s  connected t o  an 
a m p l i f i e r  and anlogue t o  d i g i t a l  conve r t e r  u s ing  the "rol l"  channel  
which would have been unused i n  t h i s  i n v e s t i g a t i o n .  The v o l t a g e  f r o m  
t h e  r e f e r e n c e  senso r  was present on channel  one,  and t h e  v o l t a g e  from 
t h e  main d e t e c t o r  on channel  zero .  




i n  both  v o l t a g e s  and d i s p l a y  them a long  wi th  t h e  changes from the p r e v i o u s  
va lues .  
d i s p l a y  t h e  changes from t h e  f i r s t  v a l u e s  r e a d  i n .  T h i s  gave much better 
r e s u l t s  with t h e  changes keeping i n  s t e p  f o r  l a r g e  f l u c t u a t i o n s  from the 
o r i g i n a l  va lues .  For smaller changes of t h e  r e f e r e n c e  d e t e c t o r  t h e  
r e s u l t s  were n o t  so good. A t h r e s h o l d  was b u i l t  i n  so that on ly  changes 
g r e a t e r  than  a set va lue  would r e s u l t  i n  a change be ing  made to  t h e  v a l u e  
ob ta ined  from t h e  main d e t e c t o r .  The nex t  step w a s  t o  i n c o r p o r a t e  a 
MACRO v e r s i o n  of theprogram i n t o  t h e  c o n t r o l  program, 4MSBS3 MAC, used  
t o  c o n t r o l  t h e  MSBS. 
An e x i s t i n g  F o r t r a n  I V  program w a s  modif ied t o  r e p e a t e d l y  read 
The changes d i d  n o t  keep i n  step. The program w a s  altered t o  
3.1.7 The f i n a l  ve r s ion  of 4MSBS3 MAC is i n  Appendix 5. When the program 
i s  run t h e  t h r e s h o l d  va lue  and s c a l i n g  va lue  are set  a t  zero. These 
v a l u e s  could  be a l t e r e d  while  t h e  program i s  running by typ ing  i n  t h e  
new va lue  a long  with a l e t t e r  s i g n i f y i n g  t h e  parameter to  be changed, 
and then  typ ing  " l?"  which i n i t i a t e s  t h e  changes.  The r e f e r e n c e  o u t p u t s  
of t h e  main senso r  ( s e t t i n g  t h e  model 's  a x i a l  p o s i t i o n )  and  of t h e  
r e f e r e n c e  senso r  can be changed by the s a m e  m e t h o d .  The s c a l i n g  factor 
used i n  the program has  t o  be input ted  as  an  i n t e g e r .  To a l l o w  a factor 
between one and t w o  (which appeared t o  g i v e  t h e  b e s t  r e s u l t s )  the r e q u i r e d  
f a c t o r  is  i n p u t t e d  i n  thousands i .e.  1500 f o r  1.5. For example t o  set  a 
f a c t o r  of  1.75, a t h r e s h o l d  of 3 ,  t o  move t h e  model t o  a p o s i t i o n  such 
t h a t  t h e  main senso r  ou tpu t  is  2550 and to  reset t h e  r e f e r e n c e  sensor 
r e f e r e n c e  va lue  t o  t h e  in s t an taneous  ready type  1750F 3T 2550M 1s l ? .  
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Two c a l i b r a t i o n s  were necessa ry .  One t o  re la te  t h e  r e f e r e n c e  dynamic 
pressul-eto t h e  dynamic p r e s s u r e  i n  t he  t e s t  s e c t i o n ,  and  the o t h e r  to  relate 
t h e  a p p l i e d  a x i a l  c u r r e n t  t o  t h e  a c t i n g  drag  f o r c e .  
4 . 1  P res su re  C a l i b r a t i o n  --___ ____ 
The r e f e r e n c e  dynamic p r e s s u r e  w a s  measured by a p i t o t  tube  and a 
s t a t i c  p r e s s u r e  t app ing  j u s t  a f t  of t h e  c o n t r a c t i o n .  The t o t a l  p r e s s u r e  
of t h e  a i r  flow w a s  assumed c o n s t a n t  a long  t h e  t u n n e l .  
t app ing  a l r e a d y  e x i s t e d  i n  t h e  t e s t  s e c t i o n .  Two manometers were used 
t o  show t h e  t r u e  dynamic p r e s s u r e  and t h e  r e f e r e n c e  dynamic p r e s s u r e .  
A l s o  t h e  d i f f e r e n c e  between t h e  t w o  s t a t i c  p r e s s u r e s  cou ld  be c a l c u l a t e d .  
A p l o t  of t h e  t w o  dynamic p r e s s u r e s  i s  g iven  i n  F igu re  11. The r e l a t i o n s h i p  
.1.017 can be de termined  from t h e  p l o t .  
%RUE = q~~~ 
A s t a t i c  p r e s s u r e  
4 . 2  Force-Current Calibration __ 
I A s t a t i c  f o r c e - c u r r e n t  c a l i b r a t i o n  was used .  An a x i a l  force w a s  
applied t o  t h e  model, t h e  r e s u l t i n g  c u r r e n t s  recorded and  a p lo t  of the 
r e s u l t s  drawn up ,  see F igure  1 2 .  The force was applied by f i x i n g  one 
end of a l e n g t h  of c o t t o n  t o  t h e  nea r  of  t h e  model, t h e  o t h e r  running  
ove r  a p u l l e y  t o  a pan w i t h  we igh t s  on it. 
0.044 Newtons per amp,where t h e  c u r r e n t  i s  t h e  sum of t h e  a x i a l  c u r r e n t s .  
The p lo t  has a g r a d i e n t  of 
I 
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!J .  TESTING 
The t e s t i n g  w a s  carried o u t  i n  t w o  blocks. F i r s t l y  t h e  drag data w a s  
t.akcn wi th  and wi thou t  t h e  dummy s t i n g ,  wi th  and  wi thou t  boundary l a y e r  t r i p s ,  
and secondly  a n  i n v e s t i g a t i o n  i n t o  t h e  p r e s s u r e s  ove r  t h e  rear of t h e  model 
with andwi thout  boundary l a y e r  t r i p s  w a s  undertaken.  
5.1 Draa I n v e s t i a a t i o n  
The model was suspended and  moved i n t o  t h e  p o s i t i o n  it occupied  i n  
t h e  f o r c e - c u r r e n t  c a l i b r a t i o n  wi th  the commands 280-m 300y 402 2550M 1.5 
2T l? .  Any r o l l  w a s  t aken  o u t  by ho ld ing  the model so t h a t  it stopped 
o s c i l l a t i n g  and  by r e l e a s i n g  it c a r e f u l l y .  The t u n n e l  i n t a k e  w a s  t h e n  
wheeled up t o  t h e  t e s t  s e c t i o n ,  a l i g n e d  u s i n g  t h e  a l i g n i n g  dowels and 
clamped t o  t h e  tes t  s e c t i o n .  
o s c i l l a t i o n  w a s  reduced as much as possible by i n p u t t i n g  a series of 
s c a l i n g  factors and then  us ing  what appeared t o  be the best  one, e .g .  
400F l? .  
I f  t h e  model w a s  o s c i l l a t i n g  a x i a l l y  t h e  
5.1.1 Cur ren t  data w a s  recorded wi th  t h e  wind o f f .  The wind w a s  t h e n  
t u r n e d  on wi th  t h e  t u n n e l  speed c o n t r o l  set t o  e i t h e r  33V or 6 V  ( t h e  
maximum is  10 V o l t s )  t o  avo id  l o w  speed resonances  i n  t h e  f a n  u n i t .  
The r e q u i r e d  speed w a s  t hen  s e t  and  t h e  flow allowed to  stabilise for  
around a minute.  
no ted  down. Once a l l  t h e  wind on data had been t a k e n  t h e  t u n n e l  c o n t r o l  
w a s  set t o  e i t h e r  3 f V  or 6V t h e  t u n n e l  allowed t o  s l o w  down, and  t h e n  
t h e  f a n  u n i t  swi t ched  o f f .  Once the  f a n  had stopped sp inn ing  and  there 
was no ,  or n e g l i g i b l e ,  flow through t h e  t u n n e l  a set  of wind off data 
was taken .  
Cur ren t  data w a s  t aken  and  t h e  necessa ry  p r e s s u r e s  
5.1.2 The t u n n e l  i n t a k e  was removed from t h e  f r o n t  of t h e  t es t  s e c t i o n ,  
and  t h e  model removed from suspens ion .  The escape c h a r a c t e r  was t h e n  
pressed and  t h e  data saved i n t o  a f i l e .  The e l ec t romagne t s  were then  
swi tched  o f f .  
5.1.3 E t  had been p lanned  t h a t  t h e  s t i n g  shcu ld  r e a c h  i n t o  t h e  base 
c a v i t y .  I n  practice it was found t h a t  t h i s  w a s  e a s y  to  do b u t  t h a t  t h e  
model k e p t  touching  t h e  sides of t h e  s t i n g  due t o  " s lopp iness"  i n  t h e  
c o n t r o l  system. I t  w a s ,  t h e r e f o r e ,  decided t o  suspend t h e  model j u s t  
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i n  f r o n t  of t h e  s t i n g  r a t h e r  t han  t o  i n c r e a s e  t h e  d iameter  of t h e  c a v i t y .  
The change i n  moue1 p o s i t i o n  had no n o t i c e a b l e  e f f e c t  on t h e  base p r e s s u r e s  
so it w a s  f e l t  t o  be v a l i d .  Also t h e  change i n  p o s i t i o n  meant t h a t  t h e  
i n t e g r a t o r s  could  be used t o  improve t h e  p o s i t i o n  ho ld ing  of t h e  model. 
5.1.4 
4PROG2 FOR with t h e  c a l c u l a t e d  d rag  c o e f f i c i e n t s  etc appearing i n  t h e  
f i l e  4P~oG2 STO. 
The d a t a  w a s  t hen  ana lysed  us ing  t h e  programs 4PROGl FOR and  
5.1.5 Data w a s  t aken  €or several c o n d i t i o n s .  The s t i n g - l e s s  model was 
t e s t e d w i t h  no boundary l a y e r  t i p ,  and  boundary l a y e r  t i p s  a t  40%, 60%, 
75% and 85% of t h e  chord  of t h e  model. The model wi th  t he  dummy s t i n g  
w a s  tested wi thout  a boundary l a y e r  t i p ,  and  w i t h  a t r i p  a t  85% of t h e  
model ' s  chord. 
tw i s t ed  t o g e t h e r  and  then  s o l d e r e d  i n  a loop. The r e s u l t i n g  t r i p s  were 
0.012 inches  i n  d iameter .  I f  necessa ry  t h e y  were s t u c k  t o  t h e  model 
wi th  a ' s u p e r  g l u e ' .  
The t r i p s  were made from t w o  s t r a n d s  of copper w i r e  
5 .2  P r e s s u r e  I n v e s t i g a t i o n  
The r e a r b o d y  wi th  t h e  p r e s s u r e  t a k e  off ' t u b e '  had f o u r  s ta t ic  
holes  d r i l l e d  through t h e  a r a ld i t e  i n t o  t h e  p r e s s u r e  tube. For t e s t i n g  
three holes were smoothed ove r  wi th  p l a s t i c e n e  so that o n l y  one h o l e  
w a s  open. 
5.2.1 The p r e s s u r e  take off s t i n g ,  see S e c t i o n  2.2.4, had connec ted  
a t  i t s  rear end around f o u r  feet  of s m a l l  b o r e  rubber tub ing .  The 
other end of t h e  tub ing  passed through t h e  s u p p o r t  sleeve of the s t i n g ,  
o u t  through t h e  top of t h e  t es t  s e c t i o n ,  and  was connec ted  via a n  adapter 
t o  a l a r g e r  bore pipe. The l a r g e r  bore pipe w a s  connec ted  t o  one  side 
of one of t h e  manometer tubes, t h e  o t h e r  side be ing  connec ted  to  the 
r e f e r e n c e  s t a t i c  p r e s s u r e .  
5.2.2 To launch  t h e  model r e q u i r e d  t w o  people. The s t i n g  would be 
unclamped from t h e  suppor t  sleeve and  p u l l e d  forwards t o  t h e  f r o n t  of 
t h e  t e s t  s e c t i o n .  I t  w a s  t h e n  connec ted  t o  t h e  model via a s h o r t  l e n g t h  
of tub ing .  The tub ing  connec ted  to  t h e  o t h e r  end  of t h e  s t i ng  w a s  then 
p u l l e d  so t h a t  t h e  s t i n g  and  t h e  model moved down t h e  t u n n e l .  The model 
w a s  suppor ted  on a makesh i f t  s tand i n s i d e  t h e  t e s t  s e c t i o n  wh i l e  t h e  
s t i n g  was clampled i n t o  t h e  suppor t  sleeve. C a r e  had t o  be t aken  to  
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e n s u r e  t h a t  when t h e  mode1 w a s  moved forwards  t o  t h e  l i m i t  of the s h o r t  
t ub ing  it remaind i l l u m i n a t e d  by t h e  laser beam. Holding t h e  model in 
one hand t h e  s t a n d  was removed from t h e  t es t  s e c t i o n .  Making sure  t h a t  
t h e  hand ho ld ing  t h e  f r o n t  of t h e  model w a s  n o t  i n  the way Of any l i g h t  
beams and t h a t  t h e  model was central i n  t h e  test  s e c t i o n  t h e  c o n t r o l l i n g  
program w a s  s t a r t e d  by t h e  o t h e r  pe r son ,  and  t h e  e l e c t r o m a g n e t s  swi tched  
on. I f  t h e  MSBS d i d  n o t  p i c k  up t h e  model s u c c e s s f u l l y  the magnets were 
swi tched  o f f .  They were then  swi tched  on a g a i n .  W i t h  practice the model 
launched f i r s t  t i m e .  
0 
h 
5.2.3 The t u n n e l  i n t a k e  was then  f i t t e d ,  as  i n  S e c t i o n  5.1 and t h e  t u n n e l  
t u r n e d  on a t  34V or 6 V .  The r e q u i r e d  speed w a s  se t ,  t h e  f l o w  allowed to  
s t a b i l i s e  and t h e  r e f e r e n c e  dynamic p r e s s u r e  and  t h e  d i f f e r e n c e  between 
t h e  p r e s s u r e  from t h e  open s t a t i c  t app ing  on t h e  model and  t h e  r e f e r e n c e  
s t a t i c  p r e s s u r e  no ted .  The t u n n e l  speed w a s  then changed and t h e  new 
p r e s s u r e s  noted.  Once t h e  r e q u i r e d  d a t a  had been t aken  t h e  tunne l  w a s  
slowed down and then swi tched  o f f .  The t u n n e l  i n t a k e  w a s  then removed. 
One person  would ho ld  t h e  f r o n t  of t h e  model t a k i n g  care n o t  t o  i n t e r u p t  
any of t h e  l i g h t  beams. The o t h e r  person  would t h e n  swi t ch  o f f  t h e  
e l ec t romagne t s  and s topp ing  t h e  c o n t r o l l i n g  program. The s t a n d  was t h e n  




l a y e r  t r i p ,  or open up a d i f f e r e n t  s t a t i c  t a p p i n g ,  t h e  s t i n g  w a s  unclamped 
from i t s  suppor t  s l e e v e  and P u l l e d  forwards  a long  wi th  t h e  model t o  the 
f r o n t  of t h e  test  s e c t i o n .  The model c o u l d  t h e n  be d i sconnec ted  from the 
s t i n g  and  any a l t e r a t i o n s  made. 
To make an a l t e r a t i o n  t o  t h e  model, such as  t o  p u t  on a boundary 
5.2.5 Each of t h e  f o u r  s t a t i c  t a p p i n g s  w a s  u s e d  a t  t h e  s i x  speed s e t t i n g s  
used i n  t h e  d rag  i n v e s t i g a t i o n  w i t h  no boundary l a y e r  t r i p .  and  wi th  
boundary l a y e r  t r i p s  a t  75% and 85% of t h e  model ' s  chord. The t e s t i n g  
o r d e r  w a s  t o  seat t h r e e  t a p p i n g s ,  test  wi th  no t r i p  a t  a l l  t h e  speed 
s e t t i n g s ,  t hen  wi th  t h e  t r i p  a t  75% chord,  and f i n a l l y  w i t h  t h e  t r i p  at 
85% chord. The n e x t  t app ing  w a s  t h e n  opened up, t h e  p r e v i o u s  one being 
s 'ealed.  
5..2.6 The p r e s s u r e  c o e f f i c i e n t s  were c a l c u l a t e d  us ing  t h e  method in 
Appendix 1, t h e  r e s u l t s  be ing  shown i n  F i g u r e s  15, 16 and  17 and Table  2. 
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6.  RESULTS AND DISCUSSION - 
The i n v e s t i g a t i o n  was c a r r i e d  o u t  i n  t w o  p a r t s .  The drag i n v e s t i g a t i o n  
was c a r r i e d  o u t  f i r s t ,  and then  t h e  p r e s s u r e  d i s t r i b u t i o n  i n v e s t i g a t i o n .  The 
r e s u l t s ,  however, have t o  be  viewed as  a whole w i t h  t h e  drag  r e s u l t s  d i r e c t l y  
r e l a t e d  t o  t h e  p r e s s u r e  d i s t r i b u t i o n s .  
6.1 Comparison of S t i n g  Free and  S t i n g  Based Models' Cd Values  
F igure  13 shows t h e  v a r i a t i o n  of d rag  c o e f f i c i e n t  w i th  Reynolds number. 
I t  can be  seen t h a t  t h e  Cd v a l u e s  f o r  t h e  model wi thou t  a s t i n g  and  wi th  
no a r t i f i c i a l  boundary l a y e r  t r i p  are h i g h e r  t han  t h e  v a l u e s  for  the model 
wi th  a s t i n g  and wi thou t  a t r ip .  On t h e  model wi thou t  a s t i n g  the flow 
s e p a r a t e s  nea r  t h e  base  due t o  t h e  s t r o n g l y  a c v e r s e  I j ressure  g r a d i e n t  
around t h e  base, and a wake i s  formed. With t h e  s t i n g  i n  p o s i t i o n  t h e  
r e a r  body-st ing shape i s  n o t  curved so s h a r p l y ,  t h e  p r e s s u r e  g r a d i e n t  
i s  s t i l l  adve r se  b u t  much less so, and t h e  f l o w  is  able t o  follow t h e  
shape of t h e  rear body-st ing.  Separation may occur due to t he  radial  
d i s t a n c e  between t h e  end of t h e  body and  t h e  s t i n g ,  b u t  it would be less 
seve re  than  on the  s t i n g  free model. A s  t h e  f l o w  around t h e  base i s  
more f avourab le  t h e  p r e s s u r e  d rag  i s  lower fo r  the rear body-st ing 
combinat ion,  and  hence t h e  d rag  c o e f f i c i e n t  i s  reduced.  
6.1.1 The g e n e r a l  t r e n d  of t he  trip-less models i s  t h a t  the Cd v a l u e s  
f a l l  a s  t h e  Reynolds '  number i n c r e a s e s .  T h i s  can  be e x p l a i n e d  by t h e  
r e l a t i v e  t h i n n i n g  of t h e  boundary l a y e r  w i th  i n c r e a s i n g  Reynolds '  number. 
The tests were c a r r i e d  o u t  over a l o w  Mach number range  (Max. 0.21) and  
ove r  a l o w  Reynolds '  number range  (Max. 8.7.10 ) ,  t he  f a l l  i n  Cd v a l u e s  
was t h e r e f o r e  expec ted .  The f a l l  i s  more c o n s i s t e n t  for  t h e  model w i t h  
t h e  s t i n g  than  wi thou t  t h e  s t i n g .  
5 
6 .1 .2  A p o s s i b l e  r eason  f o r  t h i s  cou ld  be t h a t  t h e  s e p a r a t i o n  of t h e  
boundary l a y e r  from t h e  s t i n g  free model i s  uns teady ,  w i t h  no th ing  t o  
f i x  t h e  s e p a r a t i o n .  O r  t h e  v a r i a t i o n  cou ld  be due t o  errors i n  the 
t e s t i n g  procedure.  The t es t s  on t h e  s t i n g  free model w e r e  t h e  first 
tests,  and t h e  t e s t i n g  procedure  w a s  subsequent ly  improved. As described 
i n  S e c t i o n  2.5.1 c u r r e n t  d a t a  was t aken  i n  small b a t c h e s  over a second 
i n  an e f f o r t  t o  o b t a i n  a be t te r  ave rage  of t h e  c u r r e n t s .  However, t h i s  
system was n o t  used  i n i t i a l l y .  The c u r r e n t s  f o r  t h e  s t i n g  free model 
with no boundary l a y e r  t r i p  be ing  t aken  con t inuous ly  over a n  e i g h t h  of 
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a second, and hence more l i k e l y  t o  p i c k  up temporary f l u c t u a t i o n s  i n  
t h e  a x i a l  c u r r e n t s .  T h i s  would fo l low through t o  t h e  drag data. 
6 . 2  Comparison of R e s u l t s  wi th  o t h e r  Sources  -----__ --- 
Figure  14 shows a comparison of  t h e  t w o  t r i p  f r e e  models'  drag r e s u l t s  
w i t h  t hose  ob ta ined  i n  r e f e r e n c e s  1 and 3. I t  must be born i n  mind that  
t h e  r e s u l t s  o b t a i n e d  i n  t h i s  report are n o t  c o r r e c t e d  for  wind tunne l  
i n t e r f e r e n c e  e f f e c t s ,  whereas t h e  v a l u e s  from r e f e r e n c e s  1 and 3 are. 
References  5 and 6 were consu l t ed  b u t  did n o t  g i v e  a useab le  method f o r  
a c l o s e d  r e g u l a r  oc t agona l  t e s t  s e c t i o n  wi th  a body of l a r g e  chord  re la t ive 
t o  t h e  tes t  s e c t i o n  h e i g h t .  Opgosing f l a t s  i n  t h e  t es t  s e c t i o n  are seven 
inches  apart .  The expec ted  c o r r e c t i o n  to  t h e  C d  v a l u e s  would be a dec rease  
i n  t h e  r e g i o n  of one t o  t w o  p e r c e n t .  
6 .2 .1  Looking a t  t h e  two s o l i d  l i n e  p l o t s  shows t h e  r e s u l t s  for  s t i n g  
based models. The r e s u l t s  from ref. 1 are over  a Reynolds '  number range  
an  o r d e r  h ighe r  t han  t h e  range a t t a i n a b l e  i n  t h e  SUMSBS wind tunne l .  They 
were taken  a t  a c o n s t a n t  Mach number of 0.1.  The p lo t  shows that as t h e  
6 Reynolds '  number i n c r e a s e s  from S.10 t h e  Cd v a l u e s  i n c r e a s e .  The lower 
Reynolds '  number p o i n t s  show t h e  curve  t o  be l e v e l l i n g  off. The Cd v a l u e s  
ob ta ined  i n  t h e  SUMSBS wind tunne l  f a l l  with i n c r e a s i n g  Reynolds '  number. 
The two sets look as i f  t hey  may j o i n  up. I t  would be i n t e r e s t i n g  to  t a k e  
some d a t a  i n  t h e  range 1.106 < R e  < 4.10 t o  see i f  t h e  sets can be l i n k e d  
The Cd v a l u e s  i n  r e f .  1 a r e  g iven  a s  based  on wetted area. They are shown 
i n  F igure  14 a s  be ing  based  on maximum f r o n t a l  area, as  are a l l  t h e  other 
C d  v a l u e s .  
6 
6.2 .2  The broken l i n e s  show t h e  s t i n g  f r e e  models, from t h i s  i n v e s t i g a t i o n  
and from ref. 3 f o r  an  e l l i p s o i d  of f i n e n e s s  r a t i o  8 : l .  B o t h  sets f a l l  w i t h  
Reynolds '  number. The e l l i p s o i d  has a lower d rag  c o e f f i c i e n t  t h a n  the 
Bo l t z  body used i n  t h i s  i n v e s t i g a t i o n ,  by around t e n  p e r c e n t .  Reference 3 
:suggests t h a t  a s  t h e  e l l i p s o i d ' s  f i n e n e s s  r a t io  d e c r e a s e s  t h e  Cd va lue  
should  f a l l ,  wi th  t h e  optimum r a t i o  be ing  4 ; l .  The Bo l t z  body used  h a s  
a. f i n e n e s s  r a t io  of  7.5: 1 ,  t h e  d i f f e r e n c e  i n  shape must t h e r e f o r e  account  
f o r  t h e  h ighe r  d rag ,  and it s u g g e s t s  that  f o r  a g iven  f i n e n e s s  r a t io  t h e  
Bol tz  body h a s  over  t e n  p e r c e n t  h i g h e r  drag .  
f o r  wind t u n n e l  i n t e r f e r e n c e  would only  be expec ted  t o  reduce  t h e  Cd v a l u e s  
by around one to  two p e r c e n t .  
Cor rec t ing  the Bo l t z  body 
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6 .3  The - E f f e c t s  of .- Tr ipp ing  t h e  Boundary Layer 
Refe r r ing  t o  F igure  15 t h e  e f f e c t  of u s i n g  t h e  boundary l a y e r  t r i p s  
can c l e a r l y  be seen .  The t r i p  a l t e r s  t h e  C d  va lue  by s e v e r a l  means. There 
i s  a change i n  Cd due t o  t h e  d rag  of  t h e  w i r e  i t se l f ,  a l though t h i s  should  
be small r e l a t i v e  t o  t h e  t o t a l  d rag  of  t h e  model. I f  t h e  boundary l a y e r  
i s  laminar  when it reaches t h e  t r i p  it separates, t o  r e a t t a c h  f u r t h e r  
downstream as  a t u r b u l e n t  boundary l a y e r .  The t u r b u l e n t  boundary l a y e r  
produces a h i g h e r  s k i n  f r i c t i o n  t h a n  a laminar  boundary l a y e r  so the C d  
w i l l  r ise.  However, t h e  t u r b u l e n t  boundary l a y e r  i s  more energetic and  
i s  more able t o  wi ths t and  an  adverse p r e s s u r e  g r a d i e n t  and  the s e p a r a t i o n  
occur s  f u r t h e r  downstream. T h i s  r e s u l t s  i n  a smaller wake and more 
p r e s s u r e  r ecove ry  ove r  t h e  base of t h e  model, and  the  C d  f a l l s .  The t o t a l  
change i n  Cd depends on t h e  p o s i t i o n  of  t h e  t r i p ,  too f a r  forward and  t h e  
s k i n  f r i c t i o n  outweighs t h e  p r e s s u r e  r ecove ry  and t h e  Cd  v a l u e  rises. 
6 .3 .1  With t h e  t i p  a t  40% chord  on t h e  s t i n g  free model the Cd  v a l u e s  
increase d r a m a t i c a l l y  over t h e  no t r i p  model. I n i t i a l l y  t h e  Cd rises t o  
a peak and then  f a l l s  off a s  Reynolds '  number i n c r e a s e s .  T h i s  cou ld  be 
d u e  to  t h e  p r e s s u r e  recovery  ove r  t h e  base o n l y  be ing  l a r g e  enough t o  
outweigh t h e  i n c r e a s e  i n  s k i n  f r i c t i o n  a t  h i g h e r  Reynolds '  numbers. 
6.3.2 With t h e  t r i p  a t  60% chord  t h e  behaviour  is as f o r  t h e  t r i p  a t  
40%, b u t  n o t  so g r e a t .  
6 . 3 . 3  W i t h  t h e  t r i p  a t  75% chord  on t h e  s t i n g  free model t h e  Cd  v a l u e s  
a re  lower than  t h e  v a l u e s  f o r  t h e  no t r i p  model. The t r i p  i s  now a c t i n g  
b e n e f i c i a l l y ,  t h e  p r e s s u r e  r ecove ry  outweighing t h e  i n c r e a s e  i n  s k i n  
f r i c t i o n  a f t  o f  t h e  t r i p .  The C d  v a l u e s  f a l l  w i th  i n c r e a s i n g  Reynolds '  
number, b u t  wi th  a n  e x t r a  l o w  Cd a t  a Reynolds '  number of 7.2.10 . 5 
6 . 3 . 4  With t h e  t r i p  a t  86% chord  on t h e  s t i n g  free model t h e  same t h i n g  
happens a t  a Reynolds '  number of 7.2.10 . The e x t r a  l o w  v a l u e  i s  n o t  
such a l a r g e  v a r i a t i o n  from t h e  o t h e r  p o i n t s  as  f o r  t h e  75% t r i p  plot.  
5 
6.3.5 From F igure  15 it can be seen  t h a t  a t  t h e  rearmost p r e s s u r e  t app ing ,  
a t  97% chord, t h e  Cp  v a l u e s  drop s l i g h t l y  (become less posi t ive)  a t  a 
Reynolds '  number of around 7.2.10 . T h i s  would imply t h a t  t h e  normal 
f o r c e  a t  t h i s  p o s i t i o n  w a s  d e c r e a s i n g ,  i . e .  t h a t  the d rag  shou ld  i n c r e a s e .  
The C p  v a l u e s  f o r  t h e  t app ing  a t  91% chord  do n o t  show a major change a t  
5 
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t h i s  Reynolds '  number. These r e s u l t s  are anomalous with t h e  d i p  i n  Cd 
v a l u e s  a t  t h i s  Reynolds' number. T h i s  s u g g e s t s  t h a t  the dip i n  C d  values 
is  due t o  changes i n  t h e  p r e s s u r e  d i s t r i b u t i o n  over  par ts  of  t h e  model 
t h a t  were n o t  i n v e s t i g a t e d ,  i .e.  a f t  of 97% chord.  Another p o s s i b i l i t y  
is  d i s c u s s e d  i n  S e c t i o n  6.4.4.  
6.3.6 The p lo t  f o r  t h e  s t i n g  based  model w i t h  a t r i p  a t  86% chord  also 
shows s t r a n g e  behaviour  a t  a Reynolds' number of  7.2.105, b u t  i n  this 
case it i s  an  i n c r e a s e  i n  Cd va lue .  There i s  no Cp informat ion  available 
t o  e x p l a i n  t h i s .  
6.3.7 The p lo t  f o r  t h e  s t i n g  f r e e  model with a t r i p  a t  86% chord shows 
t h a t  a t  l o w  Reynolds '  numbers t h e  Cd  va lue  i s  h i g h e r  t han  t h e  no t r i p  
va lues .  A s  t h e  Reynolds '  number i n c r e a s e s  t h e  Cd v a l u e s  drop below t h e  
no t r i p  va lues .  T h i s  l o w  Reynolds' number behaviour  does n o t  occur  wi th  
t h e  t r i p  a t  75% chord ,  which h a s  Cd  v a l u e s  s l i g h t l y  lower than the no 
t r i p  v a l u e s ,  b u t  it does  occur  wi th  t h e  s t i n g  based model w i t h  a t r i p  
a t  86% chord .  
6.3.8 From F igure  16 it can be seen t h a t  a t  t h e  lowest Reynolds '  number 
of 3.6.105 t h e  Cp  v a l u e s  with t h e  t r i p  a t  75% chord on ly  d i f fe r  a p p r e c i a b l y  
from t h e  no t r i p  v a l u e s  over  t h e  l a s t  n i n e  p e r c e n t  of t h e  chord ,  or maybe 
less if' a d i f f e r e n t  l i n e  i s  drawn through t h e  p o i n t s .  As the axial p o s i t i o n  
i n c r e a s e s  t h e  Cp  v a l u e s  beccme less  nega t ive  u n t i l  a t  93% chord  they  become 
p o s i t i v e  v a l u e s ,  i . e .  t h e  p r e s s u r e s  reduce t h e  d rag  r e l a t i v e  t o  t h e  no t r i p  
model. The d i f f e r e n c e  between t h e  Cp  a t  t h e  97% chord  t app ing  is  large, 
0.3  with the t r i p  a s  a g a i n s t  -0.5 wi thou t  t h e  t r i p .  
chord t h e r e  is a major change i n  Cp behaviour  wi th  a x i a l  p o s i t i o n .  The 
o v e r a l l  t r e n d  is s t i l l  f o r  t h e  Cp  v a l u e s  t o  become less n e g a t i v e  wi th  
a x i a l  p o s i t i o n ,  b u t  u n t i l  94% chord ,  or more, t h e  Cp v a l u e s  are more 
nega t ive  than  t h e  v a l u e s  f o r  t h e  no t r i p  model. I t  seems t h e r e f o r e  t h a t  
t h e  more nega t ive  cp v a l u e s ,  86% chord  t r i p  r e l a t i v e  t o  no t r i p ,  f r o m  
80% chord  t o  94% outweighs t h e  less nega t ive  v a l u e s  over t h e  last  6% 
of t h e  chord  and t h e  Cd is a c t u a l l y  i n c r e a s e d  r e l a t i v e  t o  the no t r i p  
model. 
W i t h  the t r i p  a t  86% 
e 
6.3.9 With t h e  t r i p  a t  75% chord t h e  bounday l a y e r  r e a t t a c h s  after 
t h e  t r i p ,  b u t  with t h e  t r i p  a t  86% and t h e  model c u r v a t u r e  much h i g h e r  
it may be t h a t  t h e  boundary l a y e r  does  n o t  r e a t t a c h .  
F 
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6.3.10 A s  t h e  f low i s  subsonic  p r e s s u r e  in fo rma t ion  can be t r a n s m i t e e d  
upstream and t h e  s e p a r a t i o n  cou ld  a f f e c t  a x i a l  p o s i t i o n s  upstream of t h e  
t r i p .  
6.3.11 The Cp v a l u e s  €or t h e  t r i p  a t  86% chord  canno t  be exp la ined  by 
a leak i n  t h e  p i p e s  c a r r y i n g  t h e  p r e s s u r e  t o  t h e  manometer as  t h e  Cp 
v a l u e s  f o r  t h e  Reynolds' number of 8.8.10 
behaviour ,  F igure  17, t h e  two sets of d a t a  be ing  t aken  a t  t h e  same t i m e ,  
see S e c t i o n  5.2.5. 
5 do n o t  show any unusual 
6.3.12 F igure  17 shows t h e  p r e s s u r e  v a r i a t i o n  over t h e  rear of t h e  
model a t  a Reynolds' number of 8.8.10 . The p l o t  f o r  t h e  model w i t h  no 
t r i p  shows t h e  same t r e n d  as  a t  t h e  lower Reynolds '  number, b u t  t h e  Cp 
v a l u e s  a t  97% chord  i s  less n e g a t i v e  and t h e r e f o r e  r e s u l t s  i n  less d rag .  
The p l o t  f o r  t h e  t r i p  a t  86% chord  shows t h e  Cp v a l u e s  becoming less 
n e g a t i v e  and f i n a l l y  p o s i t i v e  r each ing  a Cp of +0.08 a t  97% chord ,  
account ing  f o r  t h e  deci-case i n  Cd  ove r  the no t r i p  cd va lue .  With t h e  
t r i p  a t  75% chord  p r e s s u r e  r ecove ry  occurs a f t  of 91% chord,  b u t  between 
81% and 91% chord  t h e  Cp v a l u e s  are more n e g a t i v e  t h a n  t h e  no t r i p  v a l u e s .  
5 
6.3.13 F igu re  13 shows t h a t  a t  t h e  h i g h e r  Reynolds '  number t h e  t r i p  a t  
86% chord  on t h e  s t i n g  based  model r e s u l t s  i n  lower Cd v a l u e s  t h a n  t h e  
no t r i p  s t i n g  based  model. P o s s i b l e  r e a s o n s  cou ld  be due t o  a l imi ted  
p r e s s u r e  recovery  over  t h e  remainder of t h e  model's rear surface, or 
t h a t  
more 
6 .4  
t h e  change i n  f low 
e a s i l y  and c l e a r l y  
Sources  of E r r o r  
between t h e  model and t h e  s t i n g  is accomplished 
wi th  less d i s r u p t i o n  be ing  t r a n s m i t t e d  upstream. 
The model used was r e p r e s e n t a t i v e  of t h e  Bol tz  body a s  d e f i n e d  i n  
Table 1. However t h e  model w a s  n o t  w e l l  made, d e v i a t i n g  from t h e  g iven  
c o - o r d i n a t e s .  The model used  i n  r e f .  1 on t h e  o t h e r  hand w a s  of ex t remely  
h igh  q u a l i t y .  
and a s m a l l e r  rear body meant t h a t  t h e  two s e c t i o n s  had t o  be joined 
t o g e t h e r .  The j o i n t  between t h e  two w a s  n o t  p e r f e c t l y  f l u s h .  I t  w a s  
f e a r e d  t h a t  t h e  j o i n t  may i n i t i a t e  t r a n s i t i o n ,  b u t  t h i s  d i d  n o t  appear  
t o  be t h e  case. The j o i n t  w a s  a t  79% chord.  F igu re  13 shows t h a t  w i th  
a t r i p  a t  75% chord  t h e r e  is  a l a r g e  drop  i n  Cd v a l u e s  ove r  t h e  ' no  t r i p '  
v a l u e s .  If t r a n s i t i o n  w a s  o c c u r r i n g  a t  t h e  j o i n t  t h e  t r i p  a t  75% chord  
Also t h e  c o n s t r u c t i o n  of the model wi th  a main forebody 
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would produce h i g h e r  Cd v a l u e s  than  t h e  'no  t r i p '  v a l u e s  due to  t h e  
e x t r a  s k i n  f r i c t i o n  and w i r e  d rag .  The re fo re  it seems t h a t  t h e  j o i n t  
does n o t  i n i t i a t e  t r a n s i t i o n .  
6.4.1 By looking  a t  t h e  c u r r e n t s  i n  t h e  a x i a l  e l ec t romagne t s  w i th  the 
model i n  suspens ion  and t h e  wind o f f  it cou ld  be seen  t h a t  the a x i a l  
c u r r e n t s  v a r i e d  by around f 20% from a mean va lue .  T h i s  v a r i a t i o n  also 
i n c o r p o r a t e d  t h e  v a r i a t i o n  due t o  t h e  ax ia l  p o s i t i o n  s ens ing  system 
p i c k i n g  up  some of t h e  f l u c t u a t i o n s  i n  i n t e n s i t y  of  t h e  laser beam. 
T h i s  v a r i a t i o n  i n  a x i a l  c u r r e n t  fo l lows  through d i r e c t l y  i n t o  t h e  C d  
v a l u e s .  I t  is expec ted  t h a t  t h e  r e s i d u a l  v a r i a t i o n  i n  a x i a l  c u r r e n t s  
would s t a y  t h e  same as t h e  c u r r e n t  i n c r e a s e d ,  so t h e  pe rcen tage  change 
would drop. T h i s  appeared  t o  happen wi th  t h e  scatter i n  Cd v a l u e s  be ing  
h ighe r  a t  lower Reynolds '  number. 
6 .4 .2  Each p o i n t  on F igure  13 is  t h e  average of  f i t e e n  values. Each of 
t h e  f i f t e e n  v a l u e s  i s  made up from f i f t y  d a t a  p o i n t s  t aken  i n  f ive  b a t c h e s  
of t e n  d a t a  p o i n t s .  I n  t h i s  way it w a s  hoped that  t h e  average v a l u e  would 
be r e p r e s e n t a t i v e  of t h e  t r u e  va lue .  With t h e  average be ing  t aken  of 
t h e  f i f t e e n  v a l u e s  i f  one of t h o s e  v a l u e s  was increased by twenty p e r c e n t  
t h e  average  would change by less than  t w o  p e r c e n t .  
6.4.3 The p r e s s u r e  i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  w i th  a small diameter 
(20  gauge) tube  p r o t r u d i n g  from t h e  rear of t h e  model, see S e c t i o n  2.1.2. 
The rearmost pressure tapping was a t  97% chord and it is  f e l t  t h a t  t h e  
pressures measured there would on ly  be s l i g h t l y  a f f e c t e d  by t h e  tube. 
6.4.4 The f low through t h e  t e s t  s e c t i o n  h a s  n o t  y e t  been surveyed.  The 
f low seemed s t e a d y ,  b u t  it is  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  f low w a s  n o t  
a s  s t e a d y  wi th  t h e  f a n  v o l t a g e  a t  0V which cor responds  t o  a Reynolds '  
number of  7.2.10 . T h i s  w a s  t h e  Reynolds '  number a t  which t h e  k i n k s  
appeared i n  t h e  d rag  c o e f f i c i e n t  v s  Reynolds '  number plot  see F igure  
13 and S e c t i o n  6.3.3 t o  6.3.6 i n c l u s i v e .  The models were p o s i t i o n e d  
i n  t h e  c e n t r e  of  t h e  tes t  s e c t i o n .  
5 
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7. CONCLUSIONS 
The d rag  c o e f f i c i e n t  i l u e s  ob ta ined  sugges t  tha t  t h e  seemingly l o w  values 
a t t a i n e d  i n  r e f .  1 could be correct,  and due t o  t h e  change i n  base f l o w  due 
t o  s t i n g  i n t e r f e r e n c e ,  and t o  Reynolds '  number e f f e c t s .  
The g e n e r a l  t r e n d  of  drag  c o e f f i c i e n t  w i th  Reynolds '  number, over t h e  
Reynolds '  number range  a t t a i n a b l e  i n  t h e  SUMSBS l o w  speed wind t u n n e l ,  is  t h a t  
t h e  drag  c o e f f i c i e n t  v a l u e s  f a l l  w i th  i n c r e a s i n g  Reynolds '  number. 
The drag  c o e f f i c i e n t  v a l u e s  for  s t i n g  free model a r e  g e n e r a l l y  15% h i g h e r  
than  t h e  v a l u e s  f o r  t h e  s t i n g  based  model. T h i s  shows t h e  importance of a l lowing  
f o r  s t i n g  i n t e r f e r e n c e  e f f e c t s ,  and t h e  b e n e f i t s  of a n  MSBS. 
The u s e  of boundary l a y e r  t r ips  h a s  a l a r g e  e f f e c t  on d rag  c o e f f i c i e n t  
v a l u e s ,  and hence when t e s t i n g  o b t a i n i n g  a s i m i l a r  t r a n s i t i o n  p o i n t  t o  f u l l  
s c a l e  is  c r u c i a l .  
The MSBS allowed p r e s s u r e  p l o t t i n g  ove r  m o s t  of t he  rear of the model. 
The r e s u l t s  showed t h e  expec ted  t r e n d s ,  a l though  d a t a  f r o m  more ax ia l  posit ion 
w o u l d  have been u s e f u l .  The method worked e a s i l y ,  b u t  t h e r e  w a s  room for 
I improvement. 
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8. RECOMMENDATIONS __ -
8.1 The p r e s e n t  MSBS and wind tunne l  cou ld  be improved by: 
1. The f u r t h e r  development and use  of a d i g i t a l  a x i a l  position 
sens ing  system which would n o t  be  a f f e c t e d  by t h e  small f l u c t u a -  
t i o n s  i n  t h e  i n t e n s i t y  of t h e  lower beam. 
2.  Combining t h e  f a n  speed c o n t r o l  and on/of f  swi t ch  i n  one u n i t  
n e x t  t o  t h e  wind t u n n e l .  
3 .  The c o n t r o l  system program be  optimised t o  p rov ide  bet ter  
model c o n t r o l .  
4 .  The e l i m i n a t i o n  of t h e  l o w  speed f a n  u n i t  resonances .  
5. F i t t i n g  a t rap door i n  t h e  d i f f u s e r  a l lowing  easy  retrieval 
of any model f lyaways.  The model w a s  on ly  l o s t  twice, b o t h  when 
the  f a n  w a s  t u r n e d  s t r a i g h t  from f u l l  on t o  o f f  and even t h e n  
t h e  model s t a y e d  i n  t h e  tes t  s e c t i o n .  
6 .  The f i t t i n g  of  a seal between t h e  t es t  s e c t i o n  and the a i r  
i n t a k e .  
8 .2  Sugges t ions  f o r  f u r t h e r  i n v e s t i g a t i o n s  are:  
1. To c a r r y  o u t  an  a c c u r a t e  v e l o c i t y  t r a v e r s e  of t h e  test  s e c t i o n .  
2 .  To c a r r y  o u t  s t i n g  i n t e r f e r e n c e  tests wi th  t h e  m o d e l  a t  v a r i o u s  
a n g l e s  of  a t t a c k .  
3 .  TO extend  t h e  C p  i n v e s t i g a t i o n  f u r t h e r  t o  t h e  rear of the model, 
and a lso t o  check  t h e  v a l u e s  o b t a i n e d  i n  t h i s  report. 
4 .  The possible development of  a s o l i d - s t a t e  on-board p r e s s u r e  
senso r  a b l e  t o  t r a n s m i t  data t o  a r e c e i v e r  w i thou t  a p h y s i c a l  l i n k .  
T h i s  would a l l o w  t e s t i n g  r i g h t  up t o  t h e  t r a i l i n g  edge of the model, 
w i t h  no i n t e r f e r e n c e .  
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T a t t l e  2 : Measured v a l u e s  o f  Cp and Revnct lds’  No. 
a t  the f o u r  s t a t i c  tappings- 
Re 
1E5 
MI t r i p : - 













-.a33 5.7 f  






T r i p  a t  75% chord:- 
- . o m  3.G7 
- . 047  5.65 
-.os1 6.54 
-.os0 6.82 
- . 049  7.30 













- .a25 8 .04  
-.023 8.78 










- .a41 5.63 
-.I327 6.48 
- . a 3 3  7.35 





.050 5 . 5 3  
.057 6.33 
.it55 7.27 
. 0 56 7.99 




,081 5 . 6 6  
.a81 6.49 






r a  
I -  
i 
. - . - - _ . _ . . . . _ . " . I . _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  
3 3 0 0 0 00 3 0 0 0 0 0 0 0 0 3 0 3 3.3 -7 0 d 0 o 0 i c 0 '> 0 3 0 '> 3 5 0  r^ B 3 3 3 c 0 0 II 0 







. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 c : ~ 3 0 c a 0 0 0 ~ 0  
. . .  . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  




CALCULATION OF PRESSURE COEFFICIENTS ~ _ _ _ _ _ _ _ _  
The d e f i n i t i o n  of p re s su re  c o e f f i c i e n t  i s  
pm-poo 
900 
cp = ~ 
where 
is t h e  measured p res su re  
‘m 
poo is  t h e  free stream s t a t i c  p res su re  
is t h e  f r e e  stream dynamic pressure .  
900 
The tunnel  i s  se t  up so t h a t  t h e  s ta t ic  p r e s s u r e  a t  the model, p can  m’ 
be measured re ferenced  to  t h e  r e fe rence  s t a t i c  p res su re ,  p 
a f t e r  t h e  con t r ac t ion .  
measured j u s t  r’ 
Pm-pr The measured d i f f e rence  is 
where H i s  t h e  t o t a l  p re s su re  of t h e  free stream. 
N o w ,  q i s  related t o  t h e  re ference  dynamic pressure, see Sec t ion  
00 
4.1,  by t h e  re la t ionship  
1.017 ( H - p r ) .  1.017 
yo0 = g~~~ * 
1 - -I ’m-pr . .  cp = 1 + ( H - p r )  1.017 1.017 
Hence the  p r e s s u r e  c o e f f i c i e n t  can be c a l c u l a t e d  f r o m  t h e  t w o  known p r e s s u r e  
d i f f e r e n c e s  p -p and H-p,. m r  
-49- 
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APPENDIX I1 
CALCULATION O F  BASEFORCE -__ .-I_____.- - 
The baseforce a c t i n g  on t h e  model with t h e  dummy s t i n g  h a s  t o  be measured. 
By measuring t h r e e  p r e s s u r e s  a t  known p o s i t i o n s  a p r e s s u r e  d i s t r i b u t i o n  i s  
found and used t o  c a l c u l a t e  t h e  baseforce.  
Assuming a q u a d r a t i c  p r e s s u r e  d i s t r i b u t i o n  around t h e  c e n t r e  l i n e  of 
2 t he  base c a v i t y  of t h e  form P ( r )  = a + b r  + cr . 
The element of a r e a  i s  b A ( r )  
- * . T h e  element of f o r c e  i s  & F ( r )  
. - .The t o t a l  baseforce  i s  F =  
F =  
F =  
where R i s  t h e  maximum r a d i u s  of 
= 2 n r S r  
3 
= p ( r ) .  5 A ( r )  = 2 n  (ar  + br2 + cr ) d r  
3 2 m  (ar  + b r 2  + cr  ) dr i 
4 3 b R  
2 3 
4 
the c a v i t y .  
The c o e f f i c i e n t s  a ,  b and c are found b y  consider ing t h e  t h r e e  known p r e s s u r e s  
a t  t he  t h r e e  known r a d i i .  See t h e  l i s t i n g  of 4PROG2 FOR i n  Appendix I V .  
-50- 
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DIMENSION I D A T R ~ 1 2 0 0 0 ~ r N h H E ~ 6 ~ r D ~ T E S ~ 7 ~  











FORMAT(' RESULTING L5ATA TO BE STORED IN 4PROGl.STO ' )  
WRITE(59822) 





O P E N ~ U N I T ~ 3 ~ N A H E ~ ' 4 F ~ O G l ~ S T O ' r T Y P E ~ ' N E W ' ~ F O R M ~ ' F O R H A T T E ~ ' ~  
CONTINUE 
AASUH=O 9 0 
AXSUMZO * 0 
FhSUM=O * 0 
AnAv=o o 
AXAU=O 
FAAV=O e 0 
















































--.--------------------------..--.------ _--_-^ _ _  .__.__.______.___ 
CALC AVERAGE OF THE SET O F  ‘NUMEER’ READINGS 
AVSUMAX=SIGSUMAX/NUMEER 
C A L C  SUM O F  SQUARED DIFFERNCES FROM AVERAGE 
DO 700 IZ=l iNUMPER 
SUMDIFFSQ~SUMDIFFSQt(ARRAY(IZrl4~-AVSUMAX~~S2 
CONTINUE 
CALC STANDARD DEVIATION O F  SAMPLE 





axial cur ren ts= ‘ rAVSUMAX ----------------------------------------..---------- 
CHECK FOR DATA POINT OUT OF RANGE BY USING 
CHAUVENET‘S CRITERION 
THIS IS SET FOR A BLOCK OF TEN VALUES, 
I F  ‘NUMBER’ IS CHANGEfI THEN CHANGE THE ’1.96’ 
DO 710 IZ=l iNUMPER 
I F L A G 2 ( I Z ) = O  
I F ~ A R R A Y ~ I Z i 1 4 ~ * G E * ~ A V S U M A X + I . 9 6 ~ ~ T ~ ~ E V l ~ ~ I F L A G ~ ~ I Z ~ ~ l  
I F ~ A R R A Y ~ I Z ~ 1 4 ~ ~ L E ~ ~ A V S U M A X ~ l ~ 9 6 t S T D ~ U l ~ ~ I ~ L A G 2 ~ I Z ~ ~ l  
CONTINUE 
RESET TO ZERO 
DO 715 I Z = l r l 4  
SUM(IZ)=0rO 
CONT I NUE 
WORK OUT NEW AVERAGES 
ICNT=O 
DO 7 2 0  IZ=lrNUMBER 
I C N T = I C N T t l  
DO 740 I Z 2 = l r 1 3  





DO 750  I Z = l i 1 4  
AU(IZ)=SUM(IZ)/ICNT 
CONTINUE 





PRINT OUT ‘GOOD’ DATA AUERfiGES 
WRITE(5rS) ’  A v e r a g e s  o f  ‘good’ data*** ’ 
WRITE(IPLACEr371)(AV(JJ)iJJ=lil3) 
FORMAT( ‘  ‘ r 3 F l r O i l X i l O F b * 2 )  
WRITE(Sr370)AV(14)  
FORMAT(’ A v e r a g e  s u m  of a x i a l  currents=’rF5*2i‘ amps ’ )  
................................................... 
................................................... 
I F ( I F L A G 2 ( I Z ) e E Q * l ) G O T O  730 
_____--____I_-------____________I_______-------.---- 
SUM OF A X  CURRENTS AND A X I A L  POSITION 
- - - - - - _-  - - - - - I -. .- -- - - - - - -. - - - -. - - - - - - - - - - - -- - - - - - - - - - - - - 


























8 2 4  











PRINT OUT FLAGS TO SHOW WHICH DATA WAS GOOD=OvBAD:=1 
W R I T E ( I P L A C E I ~ ~ O ) ( I F L A G ~ ( J J ) I J J = ~ I N U H E ~ E R )  
FORMAT(' R E J ' r l O ( l X I 2 1 ) )  
WRITE(5,X)'  t * + + * + e . * * '  
_ _ _ . _ _ _ _ - _ - _ _ _ _ _ _ _ _ I . _ . _ _ _ _ _ _ _ _ - -  -_ ____-__....__..-I-__ 
HAVE THE PROPER NUMBER OF SETS BEEN ANALYSED 
I F  NOT GOTO 953 
IF(ICOUNTeNE.ISETS)GOTO 953 - - - - - - - - - - - -I --- - - - - - - - - - -- - - - - - - - - - - - ..- .- - - -- - - - .- --.---I. 
PRINT OUT WHICH SET AND AVERAGES 
DO 189 I C T = l  I ICOUNT 
W R I T E ( I F L A C E ~ ~ ~ ~ ) ( A V E R S ( I C T I J J ~ ~ J J = ~ I ~ )  
CONTINUE 
FORMAT(' ' 17 (F7 .3~2X)~F6 .0 )  
no 191 I C T = ~ , ~  
AVBACH(ICT)=O+O 
DO 192 I Z = l r I S E T S  
A V B A C H ( I C T ) = ( A V B A C H ( I C T ) t A V E R S ( I Z , I C T ) / I S E T S ~  
CONT I NUE 
CONTINUE 
W R I T E ( I P L A C E ~ 3 6 0 ) 9 9 9 9 ~ t l O O O + ~ ( A V B A C H ~ J J ) ~ J J ~ 2 ~ 8 ~  ................................................... 
PASS VALUES TO NEXT SECTION OF T H I S  PROGRAM 
FAAV=AVEACH(5) 
AAAV=AVBACH(6) 
RESET COUNTER TO ZERO FOR NEXT BATCH O F  SAMPLES 
ICOUNT=O 
END O F  REJECTION ROUTINE 
t f S f t t t t S S t f t S f t t t S f t t t ~ t t t t t t t ~ ~ t t t t t t t t t t t t t t t t t t  
AXAU=INT(AUEACH(8)+.5) 
---_-_----------__------------------------------------ 









W R I T E ( ~ I B ~ ~ ) I G R P  
FORMAT(' THIS IS SET NUMBER'r31) 
FORMAT(' INPUT Tlr3TF: EG 111286 ' )  
FORMATO I F  FIRST TEST 8 W I N D  IS OFF THEN DATE='START DATE' ' 1  
FORMAT(' I F  LAST TEST 8 WIND IS OFF THEN DATE='STOP DATE' ' )  
FORMAT(' EG START 1112 OR STOP 1112 MAX 1 2  CHARS' 
)/I '  THESE ARE USED TO F I N D  THE ZERO WIND CURRENTS ' )  
FORMAT(' ' t / r '  I F  NOT START OR STOP AND 
FORMAT(' ' P ~ ~ X I ' S T I N G  OUT THEN DATE='NO 
FORMAT(' ' I ~ ~ X I ' S T I N G  I N  THEN DATE='YS 
R E A D ( ~ I ~ ~ ~ ) ( D A T E S ( I I ) I I I ~ ~ I ~ )  
FORMAT(7A2) 
' )  
DATE' EG NO 111286 ' )  
UATE' EG YS 111286 ' )  
INFUT ROUTINE FOR BASE PRESSURES 




ALSO RESET L'lYNAMIC PRESSURE I N  CASE O F  START OR STOP 
NO NEED I F  NO STING HENCE GOTO 905 
m = o .  o 






















9 6 4  
C 
OR I F  START OR STOP HENCE GOTO 933  
WRITE(SIBOO) 
WRITE(5r801)  
FORMAT(‘ INPUT CENTRE MIDDLE 8 OUTER PRESSURES I N  KPASCAL ’ )  
IF(DATES(l)*EQ.’ST‘)GOTQ 933 
FORMAT(‘ RELATIVE TO REFERENCE STATIC PRESSURE. ‘ )  
R E A D ( S I * ) P ~ I P ~ I P ~  
CONTINUE 
WHITE(Sr820)  
FORMAT(’ INPUT REFERENCE DYNAMIC PRESSURE IN KF‘ASCAL ‘ 1  
R E A D ( 5 i t ) P A  
CONTINUE 
I F ~ D A T E S ~ l ~ ~ N E ~ ‘ S T ‘ ~ O R ~ ~ ~ A T E S ~ 2 ~ ~ N E ~ ’ O P 0 ~ A N ~ ~ ~ ~ A T E S ~ 2 ~ ~ N E ~ ’ A R 0 ~ ~  
+GOT0 910 
t I I = 1  17) 
W R I T E ( ~ I ~ ~ O ) A X A V I F A A U I A A ~ V I P ~ I R T C I R ~ I P ~ I F ~ I F ~ I ~ ~ ~ A T E S ~ I I ~ I  
GOTO 920 
CONTINUE 
W R I T E ~ ~ I ~ ~ ~ ~ A X A U I F A A U I A A A V I F A I R T C I ~ ~ I P ~ I P ~ I F ~ I ~ ~ A T E S ~ I I ~ I  
CONTINUE 
FORMAT ( 1812x12 (F6 39 2 X )  I F7 3 I 2 x 1  F 5  2 I 4 ( 2 X  I F7 3 )  I 2 X  I 7 A 2 )  
tII=lI 7) 
RUN A G A I N  
wRITE(51860)  
FORMAT(‘ DO YOU WISH TO RUN AGAIN (Y/N) ’ )  
R E A D ( ~ I ~ ~ O ) K E Y  
FOHMAT(A1) 
IF(KEY*EQ*’Y’)GOTO 900 
W R I T E ~ ~ I ~ ~ ~ ~ ~ I O ~ O I O ~ O I O * O I O ~ O I O ~ O I O ~ O I O ~ O I O ~ O I ‘ ~ ~ ~ I ’ E N ‘  
+ I ’ D  ‘ I ‘ F I ’ I ’ L E ’ I ’ ~ + ’ I ‘ + * ’  
REWIND 2 
CONTINUE 
R E A D ( ~ I ~ ~ O ) A X A V I F A A U I A A A V I P A I R T C I R P I P ~ ~ P ~ I P ~ I  
W R I T E ( ~ I ~ ~ O ) ~ X A V I F A ~ V ~ A ~ A V I P A I ~ T C I R P I F ~ I ~ ~ I P ~ I  
~ ~ D A T E S ( I I ) I I I ~ ~ I ~ )  
t ( D A T E S ( I 1 )  111=117) 
IF(DATES(l).NE,‘,.‘,AND,DnTES(7)*NE,’,,‘)GOT~ 930 
AF‘F‘END TO CURRENTS F I L E ?  
WRITE(Sr891)  
FORMAT(’ WRITE THE NEW DATA TO THE MASTER DATA F I L E  ( Y / N )  ’ )  
READ(Sv870)KEY 
IF<KEY.NEI’Y‘)GOTO 970 
I F  YES THEN APPEND TO CURRENTS MASTER F I L E  
CLOSE(UNIT=2) 
REWIND 3 
OPEN CURRENTS MASTER F I L E  
CLOSE 4FROGl*TEM F I L E  SO THAT CHANNEL CAN BE USED AGAIN 
O P E N ( U N I T = ~ I N A M E = ‘ ~ C U R R . T E M ’ I T Y P E = ‘ S C R A T C H ~ I F O R M = ’ ~ O R ~ T T E ~ ’ )  
O P E N ( U N I T = ~ I N A M E = ’ ~ C U R R I D A T “ O L B ‘ ~ F O R M = ‘ F O R M A T T E D ‘ )  
CONTINUE 
R E A D ( ~ I ~ ~ ~ ) A X A V I F A A V I A A A V ~ F A I R T C I R F I P ~ I P ~ I P ~ I ( D A T E S ( I I ) I  
READ FROM CURRENTS FILE 8 STORE IN TEM F I L E  
t I I = l r 7 )  
IF(DATES(1)oEQe‘ee ‘)GOTO 965 
W R I T E ( ~ I ~ ~ O ) A X A V I F A A U I A A A U I F A I R T C I R P I F ‘ ~ I P ~ I P ~ I ( ~ ~ A T E S ( I I ) I  
G O T 0  9 6 4  
















READ FROM 4PROG1,STO rWRITE TO 4CURR+TEM INCLUDE END FILE 
t II=1 r7) 
IF(DATES(l).NE.'.*')GOTO 965 
GOT0 777 




OPEN MASTER FILE AS NEW FILE THUS WIFING OUT OLD VERSION 









CLOSE DATA FILES WIPING OUT SCRATCH FILES 
CLOSE(UNIT=4) 
WRITE(5r893) 
FORMAT(' DATA HAS BEEN ADDED TO MASTER DATA FILE  CURR RID AT') 
CONTINUE 




FORMAT(' THE DATA HAS BEEN STORED IN FILE 4FROGl.STO ' )  
WRITE(5r890) 




APPENDIX IV 4PROG2.FOR 
C 











880 FORMAT(‘ ’ v4A10)  
O P E N ~ U N I T ~ l ~ N A M E ~ ‘ 4 P R O G l ~ S T O ’ ~ T Y F E ~ ‘ O L D ‘ ~ F O R ~ ~ ‘ F O ~ M A T T E ~ ’ ~  
C S S S S ~ S ~ ~ ~ S  n u  PRESSURES IN KPAscnL t t t t t t t t t t  
C t S S d S S S t  RELATIVE TO REFERENCE STATIC tttflrttt 
900 CONTINUE 
O P E N ( U N I T = 2 ~ N A M E = ’ 4 F R O G ~ ~ S T O ‘ ~ T ~ F E = ’ N E W ’ ~ F O R ~ ~ ‘ F O R M A T T E ~ ‘ ~  
JJ=JJtl 
W R I T E ( 5 r 8 9 0 ) J J  
€190 FORMAT(’ READING I N  L I N E I * I * ’ P I ~ )  
c READ I N  DhTA FROM 4PROGleSTO 
H E A D ( ~ , ~ ~ ~ ) A X A V I F A A V , A A ~ V ? F ~ ? R T C ? R F , F ~ ? F ~ , F ~ ,  
t ( D A T E S ( I I ) r I I = l r 7 )  
8’00 FORMAT(I8r2X12(F6.3?2X)rF7.312X1F5,2r4(2X,F7.3),2X,7n2) 
C 
I F ( D h T E S ( l ) . E Q , ’ * , ’ , A N D . D A T E S ( 7 ) * E Q * ’ , . ’ ) G O T O  910 
IF(DATES(l)~NE.‘ST‘~OR~(DATES(2).”AR‘.~N~I~D~TES(2)~NE~‘OP‘)) 
+GOTO 9 4 5  
WRITE(Sr880)‘CURRENT ’,‘OFFSETS ‘,‘RESET’ 
FSTART=FAAU 




IF(DATES(2)*EQr’OP‘)GOTO 9 4 6  
AsTnm=nnnv 
9 4 4  CONTINUE 
C NO NEED TO CALCULATE VhLUES AS CURRENT RESET RUN THROUGH 
GOTO 900 
9 4  5 CONTINUE 



























IF(FAeNE~FB)GOTO 9 4 0  
WRITE(5r804)  
WRITE(Sr805) 
FORMAT(' DYNAMIC PRESSURE=O+O v RUN WILL CONTINUE ' )  
FORMAT(' DATA WILL BE STORED hS OVERFLOWS ' )  
MAKE NUMBERS TOO LARGE FOR FORMATTED OUTPUT 
OR SET TO 0.0 
CD=999 0 




GOTO 9 6 0  
CONTINUE 
. . . . . . . . . . . . . . . . . . . . . . . . .  
CALC TRUE TEST SECTION DYNAMIC PRESSURE 
UYNFACTOR=1.017  





FORHAT(' DYNAHIC FRESSURE < 0 . 0  WILL TAKE MODULUS ' )  
. . . . . . . . . . . . . . . . . . . . . . . . .  
C A L C  ROOM DENSITY 
R H O ~ R P / ~ 2 8 7 ~ ~ R T C t 2 7 3 ~ 1 5 ~ ~ ~ 1 0 0 0  
. . . . . . . . . . . . . . . . . . . . . . . . .  
C A L C  NU 
RECMUO=56085*3 
NU=(((RTC+273*15)/288.16)**o8)/RHO/RECMUO 
. . . . . . . . . . . . . . . . . . . . . . . . .  
C A L C  EASE FORCE 
IS STING I N  PLACE? 
I F  NOT GOTO 905 
BASEFORCE=O.O 
IF(DATES(l).NEo'YS')GOTO 9 0 5  
STING IS I N  HENCE F'ROCEEO 
,+ .+e* .o *eeASSUMING CIUADRATIC DISTRIBUTION 
* . . . o . o * e o * O F  FRESSURES OVER THE BASE AREA* 
* * o * * + + e * o o H A V E  R A D I I  I N  MILLIMETRES 




R3=3 0 8 
R4=4 0 
PI=3*141593 
C ooo**oo**ooIF RELATIVE TO REF STATIC 
C +**oooo***+CP=P/PDYNTRUEtl-PDYN/PDYNTRUE 








C = C / ( R 2 S ( R 3 - R 2 ) t R 3 t R 3 * R 3 )  
1: ooo*oBASEFORCE ON CF = 
E A S E F O R C E ~ P I ~ ~ 3 o 0 ~ C ~ R 4 ~ ~ 4 t 4 ~ O ~ E ~ R 4 ~ ~ 3 t 6 ~ O ~ ~ ~ R 4 ~ R 4 ~ / 6 ~ O / l O O O ~ O  





C CALC RESULTANT AXIAL FORCE 
C * * * * * + * I F  BASEFORCE POSITIVE AS THRUST 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . .  
C CALC DRAG COEFFICIENT 
RAXF=AXFORCEtBASEFORCE 
A R E A = , O O O ~ ~  
C a = R A X F / ( ( A R E A t l O O O ) * ~ r l Y N T R U E )  
C 
C t***************f***~**** 
C cnLc REYNOLDS NUMBER 
V = ( F D Y N T R U E S 1 0 0 0 * 2 o O / ~ H O ) * * ~ ~  
LENGTH=0.184152 





C NOW HAVE ALL VALUES NEEDED 
C WRITE TO NEW DATA FILE 
WRITE(2r810)CDrREYrV~~ACHrF~~YNT~UE~AXFORCEr~ASEFORCEr 
t(lMTES(II)rII=lr7) 
810 F O R H A T ( F ~ ~ ~ , ~ X ~ F ~ * ~ , ~ X I F ~ ~ ~ ~ ~ X , F ~ O ~ ~ ~ X ~ F ~ O ~ ~ ~ ( ~ X ~ F ~ * S ) ~ ~ X ~ ~ ~ ~ )  
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C 
C NOW LOOP BACti 8 READ IN NEXT SET OF DATA FROH 4PROGl*STO 
C 
C DATA READ IN FINISHED 
910 WRITE(Sv820) 





C APPEND TO DRAG FILE? 
WRITE(Sr825) 
825 FORMAT(' WRITE THE DATA TO THE MASTER DRAG FILE (Y/N) ' 1  
READ ( 5 I 826 ) KEY 
826 FORMAT(A1) 
C IF YES TO AF'F'END THEN 
C OFEN DRAG DATA FILE 
IF(KEY,NE.'Y')GOTO 970 
REWIND 2 
O F E N ( U N I T = ~ I N A ~ E = ' ~ C D R A G . T E M ' I T Y F E = ' S C R A T C H ' I F O R M = ' F O ~ ~ A T T E ~ ' )  
OPEN(UNIT=~INA~E='~CDRAG*~~AT'~TY~E='OLD'IFORM='FORMATTE~') 
964 CONTINUE 
C READ FROM DRAG FILE 8 STORE IN TEMP FILE UNTIL END FILE 
R E A D ( ~ I ~ ~ ~ ) C D I R E Y ~ U I M A C H I ~ ~ ~ Y ~ T ~ U E ~ A X F O R C E ~ ~ A ~ E F O R C E ~  
t(DATES(11)111=1~7) 
IF(DhTES(l)*EQ*'.o')GOTO 965 




C READ FROM 4PROG2eSTO ONTO TEMF' FILE INCLI END FILE 
R E A D ( ~ I ~ ~ ~ ) C D I K E Y I U I H A C H I ~ ~ ~ Y N T R U E I ~ X F O R C E I ~ A S E F O ~ ~ C E I  
W H I T E ( ~ ~ ~ ~ ~ ) C D I R E Y I V , " I P D Y N T R U E I ~ X F O R C E I ~ A S E F O R C E I  
IF(DATES(l).NE.'.*')GOTO 965 
W H I T E ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ I O ~ O I O ~ O ~ O ~ O I O ~ O I O ~ O I ' ~ ~ ' I ' E N ' I  






c OPEN DRAG FILE AS A NEW FILE, THIS WIPES OUT THE OLD DATA 





W R I T E ( ~ ~ ~ ~ ~ ) C D ~ R E Y ~ V ~ ~ A C H ~ P D Y N T R U E ~ A X F O R C E ~ B A S E F O R C E P  
+ ( D ~ T E S ( I I ) ~ I I = ~ P ~ )  
t(DATES(II)rII=lr7) 
IF(DATES(l)*NEe'*.')GOTO 967 




839 FORHAT(' NEW DATA HAS BEEN ADDED ONTO DRAG FILE 4CURAG.DAT ' )  









APPENDIX V 4MSBS3. MAC 
* T I T L E  CONTR ;DECLARE PROGRAM T I T L E  
tGLORL CONTR~KEYBDICHARSpCOMMAN ;GLOBAL SYMBOLS 
OMCALL TRANSLvROTATEIPHASEF,OUTPUTPUT ;AND REQUIRED MACROS 
*MChLL ADCOLIINTEG~STARTITRANS2~ADST i 





i GAIN BLOCK 
i 
HG : *WORD 19000+ ;HEAVE GAIN 
PG : .WORD 22000. ;PITCH 
SG : *WORD 19000. ;SLIP 
YG: .WORD 26000. i YAW 
R G :  +WORD 4. i ROLL 
i DEFINE HARDWARE ASDDRESSES 
AG : +WORD 1 7 0 0 0 e  i A X I A L  
f 
i 







A D  R R = A 1 SH t 2 
STARTUP ROUTINE 
;CLOCK ( R )  STATUS 
;DIGITAL OUTPUT BUFFER 
START O S C I L L I C O M M A N I C H A R S , ~ A T A  ;CALL START MACRO 
;SET-UP FOR TSX 
i 
MOV ~LOKJOBIRO ;LOCK JOR IN MEMORY 
EMT 375 
nov #PRI I RO ;SET-UP PRIORITY 
EMT 3 7 5  
nov #SETSG I RO CSET-UF SINGLE CHARACTER MOUE 
EMT 375 
MOW #SETNW I RO ;SET-UF NO WAIT MODE 
EMT 375 








i I N I T I A L I S E  CHARS STORE WITH VALUES DEFINED AT BOTTOM 
i 
i 
MOV @ # F A C T O R I C H A R S ~ ~ ~ .  i I N I T I A L I S E  CHhRSt26. 
MOV @#STMAINICHARS+~O* i 
M O W  P#STREF,CHARS+50* i 
MOV # O  I CHARS t52 i 
MOV @#THRESHpCHARS+54* i 
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I 
' I  
i 
i MAIN LOOP STARTI C A L L  KEYBOARD HANDLING ROUTINE 
START: JSR PCIKEYBD ;CALLS KEYBD SUBROUTINE 
i*********************************************************************** 
TST CHARS iARE WE FINISHED ? (ESC) 
BEQ SYNCHR ;JUMP I F  NOT 
RTS PC ;RETURN TO FORTRAN I F  YES 
i 
i LOOP SYNCHRONISATION 
i 
SYNCHR: INC CHARSt138r $INCREMENT MASTER COUNTER 
CLOCK: TSTB @#CLBS ;IS CLOCK DONE COUNTING(T0 OVERFLOW) 
B I C  #1760001CHARSt l38r  ;REDUCE COUNTER TO 10 B I T S  
BPL CLOCK ;WAIT I F  NO 
BICB #200r@#CLBS ;CLEAR CLOCK DONE B I T  
nou #1517771@#OUT ;SETS CHANNEL 1 4  D/h TO -2.5V APPROX. 
i 
i CHANGE R 6  TO DATA STACK 
i 
MOU SPI STACK ;ARCHIVE SYSTEM STACK POINTER 
MOU DnTn I SP ;SET UP DATA STACK 




i * * t**~***************** t***~*****~************~***********************  
i RESET SOME VALUES? 
TST CHhRSt lZ.  ;CHECK CHARSt12 C 7 3 
EEQ AWN3 i I F = O  BRANCH TO AWN3 
MOU CHARSt26rrFACTOR ;RESET FACTOR C F 3 
MOU C H A R S ~ ~ O ~ I S T M A I N  ;RESET STMAIN C M 3 
MOU CHARSt50.rSTREF ;RESET STREF C R 3  
i 
TST CHARSt52 ;= 0 .07  c s 3  
BEQ AWN4 i I F  Or0 GOT0 AWN4 
MOV RF I STREF ;RESET STREF WITH RF 
MOU #OrICHARSt52r ;RESET TO 0.0 
AWN4: HOV C H A R S ~ ~ ~ ~ I T H R E S H  ;RESET THRESHOLDC T 3 
MOU #0r1CHARSt12r ;RESET FLhG C ? J  
AWN3: i BRANCHED TO HERE 
i 
; .................................................... 
i EXTRA ROUTINE TO ALTER AX READING OF HAIN DRAG 
i SENSOR TO COUNTERACT KlRIFTr 
MOU STREF I RO ;LOAD RO WITH I N I T I A L  VALUE 
SUB RF r RO ;SUB SENSOR FROM I N I T I A L  
CMP RO r THRESH 
BGT AWNl i DIFF:>THRESH 
NEG THRESH ;THRESH=-THRESH 
CMP RO I THRESH 
NEG THRESH ;RESET THRESH TO t U E  VALUE 
EL T AWNl i DIFF.:C-THRESH 
JMF AWN2 i -THRESH<= D I F F  >.=+THRESH 
5 
i 
AWN1: AC1=%1 . 
nc2=x2 
LDCIF RoInc i  iACl=RO=DIFF 
MULF tFACTORiAC1 ;ACl=FACTOR*DIFF 
DIUF #TSDI A C l  iAC1=FACTOR~DIFF/100O 
LDCIF nxInc2 iAC2=MAIN DRAG SENSOR VALUE 
SURF A C l  rAC2 iAC2=MAIN-FACTOR*DIFF/lOOO 
STCFI A C ~ ~ A X  ;STORE ACZ As A X I A L  
AWN,?: i JUMP HERE I F  NO CHANGE NEEDED 
; -----------------------------------------.------------ 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
;STORE POSITION SENSOR INFO 
now FP I RO 
DAST RO ;STORE FP <2> 
MOW FS I RO 
DAST RO ;STORE FS <3> 
now AP ? RO 
DAsT RO ;STORE AP <4> 
now A S ? R O  
DAST RO ;STORE A s  .: 5 > 
now AX ? RO 






i COMPUTE MODEL POSITION AND ATTITUDE 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i AND COLLECT SOME CURRENT DATA 
ADST 8 .  ; I N I T I A T E  FRONT ST/BD A/D 
i 
i 
MOW FP I R 1  ;FETCH MAIN POSITION SENSOR SIGNALS 
now FS I R 2  iFP=FORWARD PORT?AS=AFT STARBOARD; ETC, 
now AP I R3 i 
nov ns I R4 i 
i HEAVE 
now R1 ?RO ;LOAD RO WITH FF 
A D D  R29RO ; A m  A L L  FOR HEAWE 
ADD R3 ? RO i 
ADD R4rRO ; 
SUE $27777 I RO iREMOWE HEAVE OFFSET (27777)******* 
now RO I HEAVE ;STORE HEAWE POSITION 
ADCOLS ;COLLECT FRONT ST/BD <7> 
ADST 10 0 i I N I T I A L I S E  AFT STARBOARD 
MOW R4  I RO ;LOAD RO WITH AS 
now R1 rR5 ;LOAD ~5 WITH FP 
ADD R2 ? R 5  ; A m  FS TO FF 
SUB R 5  I RO icnLc PITCH 
;PITCH 
ADD R 3  RO ihDD OTHER AFT 
nov RO I PITCH ;STORE PITCH ATTITUDE 
n D c o L s  ;COLLECT AFT STARBOARD 
ADST 11. i I N I T I A L I S E  FRONT FORT 
MOV R 1  ? RO ;LOAD RO WITH FP 
SUE R 2  ? RO iSUETRACT STARBOARDS 
SUB R4 ? RO i 
nov RO v S L I P  ;STORE S L I P  POSITION 
;SLIP 
A r m  R 3  P RO ;ADD OTHER PORT 
i ynw 
HOU R1 PRO i L o m  RO WITH FP 
SUE R2 v RO iSUBTRACT OTHER FRONT 
ADD R 4  ? RO ;ADD AS 
SUE ' R3,RO ;SUBTRACT OTHER AFT 
MOW ~o I YAW ;STORE YAW ATTITUDE 
AncoLs i COLLECT FFsONT FORT 
ADST 130 ; I N I T I A T E  AFT PORT 
; A X I A L  
MOU nx ~o i L o m  RO WITH A x  
SUB STMAIN I RO ;REMOVE A X I A L  OFFSET 
ASH $3 v RO inxrnL SENSITIVITY BY 4 
NEG RO iCORRECT SIGN 






i LOOP RATE INDICATOR F L I P  
i 
; 
i COMPENSATOR WITH INTERLEAVED DATA AQUISITION 
i 
; I N I T I A T E  DATA AQUISITION 
MOW #151777r@tOlJT ;SETS CHANNEL 1 4  l l / A  TO -2.5V APPROX. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AucoLs ;COLLECT AFT FORT <lo> 
ADST l S *  ;FORWARD UPPER CURRENT A/D START 
i 
i HEAVE 
FHASEF H E h V E ~ H T 9 0 * 4 4 1 8 * 0 ~ 2 * 5  ;PHASE ADVANCE HEAVE POSITION 
TRANSL CHARSIOSCILLI~ ;ADD I N  USER DEMANDS 
INTEG CHARSiHINTr 1 4 *  IHG ;INTEGRATOR 
MOW R2rHO ;STORE HEAVE DEMAND 
MUL R3 9 R2 ;HEAVE GAIN* DROP LOU ORDER PRODUCT 
i 
;COLLECT DATA AND I N I T I A T E  NEXT 
mcoLs ;COLLECT FU CURRENT <11> 
ADST 12. ;AFT LOWER CURRENT 
i 
;PITCH 
PHASEF P 1 T C H ~ P T ~ 0 ~ 3 7 1 6 r 0 1 3 r l  ;PHASE ADVANCE PITCH ATTITUDE 
ROTATE CHARSvOSCILL94 ;ADD I N  USER DEMANDS 
INTEG CHARSIPINTI~O*~PG ;INTEGRATOR 
MUL R3 I R 2  ;PITCH GAIN 
MOW R 2  I P O  ;STORE PITCH DEMAND 
i 
;COLLECT DATA AND I N I T I A T E  NEXT 
AncoLs ;COLLECT nL CURRENT <12> 
ADST 9. ;FORWARD LOWER CURRENT 
i 
i S L I P  
PHASEF S L I f 1 S T 1 0 * 4 4 ~ 8 r 0 ~ 2 + 5  ;PHASE ADVANCE S L I P  POSITION 
TRANSL CHARSIOSCILLI~ ;ADD I N  USER DEMANDS 
INTEG C H A R S I S I N T I ~ ~ ~ P S G  ;INTEGRATOR 
MUL R3 I R 2  ;SLIP GAIN 
MOW R2rSO ;STORE S L I P  DEMAND 
i 
;COLLECT DATA AND I N I T I A T E  NEXT 
nDcoLs ;COLLECT FL CURRENT <13> 
ADST 7, #AFT UPPER CURRENT 
PHASEF Y A h l ~ Y T 1 0 . 5 7 ~ 6 * 0 1 3 . 1  ;PHASE ADVANCE YAM ATTITUDE 
ROTATE CHARSIOSCILLI~ ;ADD I N  USER DEMftNDS 
INTEG C H A R S ~ Y I N T I ~ ~ ~ I Y G  ;INTEGRATOR 
MOU R29YO i STORE YAW DEMAND 
i ynw 
M l l L  R3 I R2 ; Ynw GAIN 
; 
~ C O L L E C T  DATA AND INITIATE NEXT 
nncoLs ;COLLECT nu CURRENT <14> 
ADST 14. ;FORWARD A X I A L  CURRENT 
i 
inxInL 
PHASEF A X I A L ~ A T 9 0 * 5 4 1 1 2 r 0 1 1 . 6  ;PHASE ADVANCE AXIAL POSITION 
TRANS2 .CHARS,2 ;ADD I N  USER DEMANDS 
INTEG CHARSlAINTIO+IAG ;INTEGRATOR 
MUL R 3  r R2 ; A X I A L  GAIN 
MOW R2rAO ;STORE A X I A L  DEMAND 
i 




nDcoLs ;COLLECT FA CURRENT 





i HODEL OUT DETECTOR 
i 
OUTON: CHP #6777rHEAVE 















; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
;OUTPUT ROUTINES WITH INTERLEAVED POSITION SENSOR DATA COLLECTION 




;FORWARD UPPER OUTFUT 
AilcoLs ;COLLECT A n  CURRENT <16> 
ADST 5. ;START FS A/D 
nou HO I RO ;FETCH HEAVE DEMAND 
SUE PO 9 HO iSUBTRACT PITCH DEMAND 
OUTPUT 10000 ;CALL OUTPUT ROUTINE 
;FORWARD LOWER OUTPUT 
MOV F O  I RO ;FETCH FITCH DEMAND 
SUB HO I RO ;SUBTRACT HEAVE DEHAND 
OUTPUT 70000 ;CALL OUTPUT ROUTINE 
mcoL FS i COLLECT 




;AFT UPPER OUTPUT 
CLR RO ;SET RO TO ZERO 
SUE HO I RO ;SUBTRACT HEAVE DEMAND 
SUB POPRO ;SUBTRACT PITCH DEHAND 
OUTPUT 110000 i c n u  OUTPUT ROUTINE 
;AFT LOWER OUTPUT 
HOV HO I RO ;FETCH HEAVE DEMAND 
ADD F O  I RO ;ADD FITCH DEHAND 
OUTPUT 40000 
ADCOL A s  i COLLECT 




;FORWARD PORT OUTPUT 
MOV so I HO 
ADD YOIRO 
OUTPUT 50000 
;FORWARD STARBOARD OUTPUT 
CLR RO 
SUB so I RO 
sun Y Q t R O  
OUTFUT 100000 
;TEST HEAVE POSITION 
;JUMP TO OUTPUTS I F  MODEL I S  I N  
;CLEAR ALL F I N A L  DEMANDS 














;AFT FORT OUTPUT 
mcoL FF i COLLECT 
ADST 2. ; I N I T I A T E  AP A/D 
MOU YOiRO ;FETCH YAU DEMAND 
SUB so I RO ;SUBTRACT S L I F  DEMAND 
OUTPUT 30000 i c n u  OUTPUT ROUTINE 
;AFT STARBOARD OUTPUT 
MOU so v RO ;FETCH S L I F  DEMAND 
SUE YOPRO ;SUBTRACT YAU DEMAND 
OUTPUT 60000 ;CALL OUTPUT ROUTINE 
i 
ADCOL AP i COLLECT 
n n s T  O *  ; I N I T I A T E  A X I A L  A/D 
;AXIAL 
i 
;AFT A X I A L  OUTPUT 
MOU AOIRO ;FETCH A X I A L  DEMAND 
OUTPUT 20000 ;CALL OUTPUT ROUTINE 
MOU AOIRO ;FETCH nxrnL DEMAND 
OUTPUT 120000 i c n u  OUTPUT ROUTINE 
mcoL nx ;COLLECT A X I A L  n/D 
i 
i 
ADST 1* ; I N I T I A T E  REFERENCE SENSOR 
MOU #4 i RO 
TST RO 
PPL DEGB 
ADCOL RF ;COLLECT SENSOR DATA 
i n/D CONVERSION 
DPGB: DEC RO ; ---- DELAY----- 
i 
i 
;DELAY FOR OUTPUT FORT TO PERFORM JOB BEFORE LOOP RATE FLOP 
JMP DBG7 
i DELAY REMOVED 
DEG7: 
I 
i LOOP RATE INDICATOR FLOP 
i 
i 
MOU #155777v@#OUT ;SETS CHANNEL 1 4  D/A TO t 2 * W  APFROX. 
........................................................................ 
i PRESERVE DATA 7' 
TST CHARSt132e ; I S  X SET t U E  (STORE) ? 
REQ NOSAMP ;JUMP OUT IF NO 
BR JUMFST iDONE HERE 
DEC CHARSt132* ;KEEP DATA AND REDUCE CYCLE COUNTER 
NOSAMP: SUB #32 e I SP i DISCARD DATA 
i 
i RESTORE SYSTEM STACKS? RETURN TO LOOP START 
i 
JUMFST: MOU SF I DATA ihRCHIUE DATA STACK FOINTER 
MOU STACK I SF ;RESTORE SYSTEM STACK 
JMP START iEACK TO ;START 
i 
i******$**********************$***************************************** 
i DECLARE VARIABLES 
I 
CHARS : + ELKW 72 e ;STORAGE OF INPUT COMHAND DATA 
STACK: *WORD 0 ;SYSTEM STACK POINTER 
DATA: *WORD 010 ;ADDRESSES OF r inTn ARRAY 









A F  : 

































WORD . WORD 
WORD . WORD 
WORD 














F L T 2  
* F L T 2  


















O *  









o *  V O .  
0 .  ? O *  
0 .  ? O .  
0 ,  ? O .  





O ? O  
i T S X t  EMT BLOCKS 
i 
LOKJOB: *BYTE 1 3 ~ 1 4 0  
PRI:  *BYTE 0~150 
i 
SETSG: .BYTE 0,192 
.WORD 127. 
*WORD ’S 
SETNW: .BYTE 0,152 
.WORD tu 













; A X I A L  
; A X I A L  REFERENCE SENSOR 
i SCALAR 
; I N I T I A L  THRESHOLD FOR 
;REFERENCE SENSOR 
iTSD=1000+ 
; I N I T I A L  REFERENCE SENSOR VALUE 
; I N I T I A L  MAIN A X I A L  SENSOR VhLUE 




; A X I A L  DEMAND 
iINTERtlEDIATE DATA STORAGE 










APPENDIX VI 4MSBS. DAT 
THIS VERSION TO BE USED FOR DRAG TESTING WITHOUT STING 
OR TESTING WITH STING IF MODEL IS FORWARD OF THE STING. 
50 1 h make sure the integrators  are  on 
87 10 c 
87 10 c 
87 10 c 
87 10 i 
400 10 € take data 
0 0 0 the end S t t S  
THIgVERSION TO BE USED IF STING IS INSIDE EASE CAVITY 
OR FOR PRESSURE DISTRIBUTION INVESTIGATION. 
SO 1 h make s u r e  the intestrators are on 
a7 10 c 
87 10 i 
87 10 c 
87 10 c 
400 10 i take data 
0 0 0 the end tttt 
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A P P E N D I X  lZU PHOTOGRAPHS 
. 
THE LOW S P E E D  WIND TUNNEL 
TI 
REAR Body, THE DUMMY S T I N G  BODY 
- 70- 
CLOSE UP OF PRESSURE DISTRIBUTION MEASURING REAR BODY AND DUMMY STING 
REAR BODY 
TOP TO BOTTOM: THE STING SUPPORT SLEEVE, THE DUMMY STING, AND THE 
PRESSURE DISTRIBUTION MEASURING STTNG 
-71- 
* 
THE PRESSURE DISTRIBUTION MODEL IN SUSPENSION (VIEWED FROM REAR) 
THE PRESSURE DISTRIBUTION MODEL IN SUSPENSION, NOTE THE STING SUPPORT 
STRUT AND SLEEVE (VIEWED FROM REAR) 
-72- 
THE PRESSURE DISTRIBUTION MODEL IN SUSPENSION (VIEWED FROM FRONT) 
THE AXIAL POSITION DETECTOR, NOTE THE LARGE WINDOW FOR THE MAIN DETECTOR 
AND SMALLER WINDOW FOR THE REFERENCE DETECTOR (jMac;bMAL, i’l’kr;-, IS 
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